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Research title: Microencapsulation of Gac Aril by Spray Drying: Characterization and
Storage Stability
Researchers: Assist. Prof. Dr. Varipat Areekul and Miss Piyawan Youdee

Faculty: Agro-industry Department: Food Science and Technology

Abstract

This research aimed to study the optimum conditions for the production of cac
aril powder using spray drying technique. The combination of wall material concentration
and inlet drying air temperatures were varied; 10 to 30% maltodextrin concentration, 3 to
6% gelatin concentration, 3 to 7% -cyclodextrins concentration and the inlet drying air
temperature from 125 to 145°C. - After that, the gac aril powders were analyzed for
moisture content, water activity (A,), encapsulation yield (EY), total carotenoid content
(TCQ), encapsulation efficiency (EE) and lycopene and ﬁ_carotene by HPLC. The effect of
the wall material concentration and inlet drying air temperature were pronounced on
those studied parameters. In addition, the ratio of gac aril concentration and wall material
also affected as well. The result indicated the optimum conditions for each encapsulated
gac aril powder; 1) 20% maltodextrin and 16.7 % gac aril at 125 °C, 2) 3% gelatin and 20%
gac aril at 125 °Cand 3) 3% P-cyclodextrins and 20% eac aril at'135 °C. These
appropriate conditions were chosen for further study.

The storage stability of encapsulated eac aril powder was evaluated under 2
packing conditions; nitrogen-flushing and vacuum packed and stored at 3 different
storage temperatures (25, 35 and 45°C). Total color difference of the powder was
significant  increased, while TCC, all antioxidant activities, lycopene and -carotene
contents tended to decline = according to storage time and temperature. Degradation rate
of TCC and antioxidant activities were followed first-order kinetics. Furthermore, the
degradation rates of TCC and antioxidant activities in nitrogen-flushing treatments were
slightly greater than those in vacuum-packed. Thus, the gac aril powder should be
packed in vacuum condition and kept at low temperature to avoid losses of TCC and

antioxidant activities.

Keywords Gac aril, microencapsulation, storage stability, B-carotene, lycopene
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antioxidants) eanslunguil drilugwuluems wu lamiiud wéuelsity waslalaiiy
udu sazdianunsaduunansiusyyadaszaudussunmahuiiten T a1sAueyyadase
Ugugil (primary  antioxidants) Juansiiliferneslalasiauuieyyaluiv udnfnduoyyaild
PAnARETINTY wazansFueyyadaseAegil (secondary antioxidants/ co-antioxidants) tfu
msﬁﬁwﬁﬁ%mﬁuawaﬁass;‘i"ué]’u 130 aaﬂ%mmaan%mmﬁwqﬂmia%aawaﬁasz (Singh &
Singh, 2008) tudu

21.2 mﬁﬂﬂ'mJmmsn‘lumiﬁ'mawaﬁaiz

msianuansalumsiweyyedas: WWunisinvsinunisyvhuiisevesansdusyye
faszlausan (Amao et al, 1998) ilesandnemmussanssnusuyadassluoivis ildiuamn
nnansfusyyadasuiiswiiafer  wiunisiedugusnsinueyyadaszussasvaissiia
i wardwalienmminsalumsiuoyyadasslosnufatuy  dafumsianruaansely
nsiusyyadasy Jadumstsunuamdsuinansdewyadaszluamisuazinniunis
LﬂﬁauLLﬂa&U%u1mwrj'}aﬂszmun'ﬁu.UigiJuaxﬂmﬁU%ﬂm (Halliwell, 1995) 38M5 A IEN
ﬂ'nuamm’iumsﬁ'ma%aﬁaisﬂv’u iva1873 oun DPPH radical scavenging capacity (DPPH)
assays), B-carotene bleaching (BCB) assay (BCB) wag Thiobarbituric acid-reactive species
(TBARs) assay Atusndealdiulutagiu Tnsiewrlunduiivanulng malasizsanuanse
Tunsiuoyyadastlusmismsianeiethaies 2 A5unnseiy 1esn nAIuuAns 1989
FBnTiasevt Sausazitiiu selimaiumnsieiu (Moon & Shibamoto, 2009)

2.1.2.1 B-carotene bleaching (BCB) assay

Dumsiermuannsalunmsdueyyadasyainnisanasesdiviadursaudue
Tsitu Sullsananmsihjitefveyyadassiininnisifineondinduransaledudluedaly
swuudlfady  msenvinquantinsfuasiusyyadasadasinaivlas farmaganiy
wasiiamasiinaeiady 470 uiluwms Aevdsnisusiigamagll 50 sswmuwada i 2 97lug
Failuszuuduiiansiusandnduaginn Sasmsdaasmesdindosduszdias (Kullisic et al,
2000 Aritfeldaansouandddvatsguuuy Tdun fosazvaanisdudiouyadase (% radical
scavenging activity) Anpnududuresansafinfiannsadudieyyadassld fovas 50 2nUSin
a%aﬁaizﬁm’m (ICse) 38 AATIMAINIIOIUAIFNUDaNTATY (antioxidant efficacy)

BCB Wunsianuaunsalumsiusyyadaszlussuudiadu duvungfunns
Ainseiansiuoyyadassiasansluluiu egislsiinnug matinsesimeisinoudedudou uay
THnanu enatfisruediourenanisnaaeuls Sanasvimsiienesimugfuisau (kullisic et
al., 2004)



2.1.2.2 DPPH radical scavenging capacity (DPPH) assay

L‘ﬁumﬁﬂmmaﬂ;mﬂum’ﬁé’ug’d 2diphenyllpicrylhydrazyt (DPPH) radical
Tng DPPH vhnihiiuanseyyalulnsiouiireudraaios s waziiloansiusyyadasziiin
fuouyadassudt szfallu OPPH-H Jaihuimsazanefliid ﬂalﬂmiLﬂmﬂgn‘samammmw
2.1 mimiﬁi’ﬂift@um‘smmi’ﬂqmauﬂ‘amsLﬂumw’hua%aﬁaiz@ai}%mm IneIansanas
yosiIMsganAuLasiALETIARY 517 uluasmevdnfvansisueyyadasy  laoiislilud
foliinuitendunan 30w winlussuuiiasiusendeduinn  Fvesansazansas
wasuiubifideshemnd milldaunsouandivaegluuuituientu BCB

RH
i (Antioxidant) Q
NQM \ S Q"—"
" O
2,2-Diphenyl-1-picrylhydrazyl 2,2-Diphenyi-1-picrylhydrazyl
free radical (DPPH¢) (DPPH)

il 2.1 nalantainuisensenine DPPH-H Auansmuouyaddas:
7 Moon & Shibamoto (2009)

ada £ a v | ad o a1 = i o 1

75 DPPH latianlumsiwsisitesninds BCB wasdudiAside dannuusiue 19
UIUFAIDENALBY m:unummmﬂmmmmsdﬁumsmuaaﬂmmﬂu‘uaamimuauuaaasvmw
avaneldlutuaglusiu (L3P, 2551: Kullisic et al., 2004)

2.1.2.3 Thiobarbituric acid-reactive species (TBARS) assay

Wunmsemviaasiifsiuainmsuanfveaneioenledlneiuuoarledildan
nsalusiuiifiansueulidudannnit 2 fumis Ao wnasuueadled (malonaldehyde, MA) uiiiy
rAnA s dUTIdes (secondary end product) vaensiineendinduveensalviudilisududy
wan (Banerjee et al, 2005) ﬁﬁmiiﬂun15ms';ﬁ]i’mmiﬁﬁ%uwﬁaﬁL{mﬁgﬁwﬁumnﬂﬁﬁ%m
sewinanasuLeadlensiuIu 1 luars fiu 2-thiobabituric acid (TBA) $1u7u 2 Tuans (nwdi 2.2)
Iﬂﬂ’?ﬂﬁ’]ﬂﬁ@@ﬂﬁuuawadﬁﬂiﬁLﬁﬂ%ﬂﬁﬂ’)’]&JﬂﬂﬂamLai 532 ulumsuazdnuansanuionay
maamsé’ué‘?aw;gaﬁaﬁg



OH o OH
P r;&w”‘l‘ T ? HN T T~y TNH

. I + HC-CHgyC-H— ’ g
HS N7 OH ST N"TOH O ﬁ

TBA MA TBA-MA compiex

2w 2.2 Uisensevininasusaadlaniu TBA
i : Pegg (2005)

TBARs 1HuTEmsinauannsaluntsiusanindu lneansifinduvasansan
Ufjise lipid  peroxidation Fuflaet Aawhuaslinawiugrdnianiwarldldasunsta
anuannsalunisiusendinduresarsiuouyadassieiiazansldluiuasleiumuieasy
DPPH

Tumsiamnuannsalunisusuyadass arulbinazmnineievewanis
maEJU&iau“i'?uagﬁvﬂawuﬁﬂtwwzzaﬂx%amaeszuufﬁ%’ laun vlinveseyyadase ylavesansdy
oyyadaseillinaaoy tazannisuandenlunismadey Wufu fafumuauiselumsiuoyye
dasziinldunneinaiy 54?7146*&\]5@%‘?1';5@%ﬂ%’wmaaué’m (1wu391 uay Usvasn, 2554; Kullisic
et al., 2004)

2.2 wAlsviuasa

uelsiiuassidiuamisznaulalasarsueuiiidwiumiuouny 40 oznau lassaieiugu
veualsiiussmluanivsznovlunguinainiu (terpene  eroup) Fuduaisusenausadu
(alkene) MiiuszgsuumnnluluanainGesreruiiumegnsetussduiinneuging lneuss
§ 2 § szgnuiislaniiuszinen uaelimsifousetumiuiia wagseniavyflolowdy daandluniw
7l 2.3 ooy walsfuosdifusiningiidrdnluiy dnuagaaldl Inelvialuemvdesiung
wonani uplsiiuossiiaudidulalasindn (hydrophobic properties) Sseniiaznszaneimie
ganslumanasth  asUssneunduildaiamddnysednd ilesnaunsavhanseyyedasei
Aintumedanmld Jauansaudilunisdudinsineendindu mafiauilesen naenumasuds
mMsiieuziSelan (Astorg, 1997)



B -carotene
CHQ HEC CH3 CH3
= IS NN N e
HaC
Ci, CH, CH, CH,
Lycopene o

Astaxanthin

Zeaxanthin

Lutein

a [y - P € a
A 2.3 Tassadumaaiiveualsiivesnuinmngg
#n: Ribreiro et al. (2010)



2.2.1 myduungnsngdaualsfiuass

arsnauualsiussdasauUiudnsuglasaiamaniilodu 2 nqulvgl (Goodwin,
1980) $iai

1) ngulalasasuauualsiiu (hydrocarbon carotenes)
Wunguilasahwesluanaysznaudisaiiuaussmouiulalasiavesneuvindy fignsvly
Loiun Co0Hs 1u gitu wusualsviu (B-carotene) wawlaladiu (lycopene) sy

2) nausanadiusurulyiad (oxygenated xanthophylls)
Hunduvesansualsiiuessfifivyeyiusivsznevssssndiaueznouaglulassaisvesiuiana
M laun arswanueulnvad v Susuiiy (zeaxanthin) Teyiuslensenda uazouiusveam
anda (Jusiu

2.2.2 auliRvaIuAlsiiuaua

walsiiuspsifuarsuseneulelanduses (isoprencid - compounds) #inszaiedeglu
s3I 600 wiia lugiveseaingdunt duviewmdes Tusgiulassaivvedlanaves
ualsiueedudatiug  FeoywudvesaisusenaunguivlfiAnaaruusnesye saudiviana
nen el uasdanw duaedlunini 2.4

Quenching singlet oxygen Block free-radical mediated reactions
Absorb light 4 CAROTENOIDS » Lipophilic.
/ \ insoluble in water

Easily isomerised and oxidized Bind to hydrophobic surfaces

AR 2.4 audinenenniasirinddgrowalsiuees
=
Ny Dutta et al. (2005)

2.2.2.1 AUUANINIBATN

ualsiussrazaelamludynaratenliidn wildazateit nsassaualsiiusene
anunNgasavnlalagldivinazatedunsd wu Mesidaudives wudy wnwurseazdlay
usnent Faduauifowzivesasnduualsiiuessiiu fimuduiusiugushmeduana uas



auUAlunsganiuua Im&;LLﬂIﬁﬁuaﬁ@?ﬁmi@ﬂnauuaﬂmi’mmwmnﬂ?{u 400-700 N luLun s
Iﬂ&;ﬁhLmﬂmaammanﬂgumﬁmmi@ﬂﬂﬁuuaa%afjmfmz%uagjﬁvﬁmawmﬁuﬁxﬂaugmm’l,u
JEERRERE laiﬂﬁmazﬁmi@mﬂé‘uuaaqqﬁaﬂ sosasunlu unuanualsiiy waziudualsAuaiuday
(Britton, 1996)

2.2.2.2 guianiaall

s

uwalsfiuedluemsaziinuasiieglédnguugiias luannzUsmnuduas

u U
2/ ar

sandiau ualsfivesdlussaumAdulelsweiuvuvmudiviumefuszduilianouging Feenuse
wWaswlulolowesuuuda (cis-isomen eileldanudau svhazansduniduasnsndugised
Tolououuudaiminiu awa@aﬂ?‘il‘l}aSuuﬂadﬂ’iﬁmﬂﬂ‘lﬂau‘n@,ﬂﬂaULLﬂ\‘JEj\‘lEj'ﬂ‘HENLLﬂI'SV%UEJEJﬂ
wazfuamaivih s iaUSinaualsiusediounanas (Macrae, 1988)

a

2.2.2.3 audAlumsirueyyadase

arsnguualsfiused ﬁﬁﬁuﬁwﬁwmaumnm WU tuaualsiiu waslalafiv
aunsndndueyyadasy (radical scavenging) z.La“m'i:tﬁmanaﬂ;aaaumaaaivummmﬂai lawnas
‘LﬁlaimmuwiaaLaﬂmauLmauuaaasu uaﬂmﬂuaqauaamsmmmmmmawaanmﬁ]u ('0, lae
ﬂﬁmaw‘[wa&‘[,u‘mmﬂmw (triptet oxysen, *0,)  Tagnsvheuuuudwasufuvasunlsiuoes
maaaﬁ?lm m'lwi::awﬁmw'lumw magzﬂaaasmw (Arnao et al., 1998; Stahl & Sies, 2003)

2.2.3 unumresualsiiuesn
walsiivassgnisntdiuarslidnusssusduagomnsiaduuu dWeswniiddudud
Aegaly uazdalivszlovdlud@sguain uan1sdiualsfiussaeinsssuyifuidssynaldly
PMANMNTTUDIMNT Eanwplin1sAnsaly
2.2.3.1 @1 lwanIusIsuLnf

Tnevily aslidluovsazgnuuadiu 3 naw Idun ashiddansest Saduased
Fnnsrviumsmanaiivaghinulusssued  asliddouwuusssund  Adaasisvtunle
willoufuashidnnsssund uavanslidnusssund adaldniagiuiiviinald wu laledu
fateanuzdome Judu (Henry, 1996)

msUssgnildansinusssumity Jusgfunaietade Téun msazans JUTIN
MBAW  BIAYIENBUTBIMIT  nszuIunsulIglemsfiterussyinsiwasannsmaiuinm
\Judu (Henry, 1996; Delgado-Vargas & Paredes-Lopez, 2003) andatuty Fvosiusualsiiu
aliiAsunasluraafiey 2 fa 7 (Gordon et al,, 1982) fnfuTemssnunsedu pH Triaglugas
2 fa7 ielildndnfasigavhediidaiiauediy Tegtuimsldualsiusedifumslfdssunialy
wEnfusiomsvanvaneiln erfiu wEndaeinleiy nndu 1 tadauazvesmnui)
ARy nandnsiiifodniuasle dwals Wudu (Frands, 2000)
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2.2.3.2 215ia3u

Wuinswiuiiualsiiuesdaniedy Hunumdrdgludeguawasuysd (Rao
& Rao, 2007; Roberts et al., 2009) fisnsnuinisuslaasimsiaduuiualsiutistoafuuzise
uazanmudsdlumsiinlsnFasavansaiin (Boonsii et al, 2007) warmsu3lnaensiil
lalaftugailieudedunsiduusdsiougnmnnanas (Guns & Cowell, 2005; Chan et at,
2009)  uenanidalinsnuinsusinaualsiiuesiiuusyd  Frsanmudsdunsiiauss
n5398n (Mignone et al., 2009) ﬁ’eﬁ?umsLmigﬂﬁ'ﬂwalﬁﬁﬁuﬂisﬁuaaﬁqa wethuduems
wsulugaamnssuems Snasdisanandesielsadend ild

venanddsinisldonnaiaduualsiuens atasiunismalmiveuasrasly
N33l Bnviateelia Strobel et al. (2007) sreaumsiasutudualsiiuaindnealsily
omsdmsvansiiassduazliuryns Welumsdaiulunsdaasiziliniiueldiusanie
luldlunsiasguosigeu dalaevialuudualsitu 12 fadniy ssdsudulniuield 1
fladndn  dau Vuong et al. (2002) Iwaosldinistuborusdaiindriasuusualsi
3.5 fadnsuiundugveass wuimamanisiiewnsiady 30 Ju dvaasangusegraiiszdulala
Ny LWT’]uﬂi‘iﬁwmmﬁuaa“l.uwmamsﬁuﬁueﬂwaﬁﬁfﬂﬁwﬁm faun Tran et al. (2008) $1897U
nslinadeofuudainiiduasliiuasormsdunelsivesdluleiin wmamuasadueed uas
fifeuuzirinasinsyfunssurumsedelfimnyay Wy Ysinamaindnild ongnisiivinm
wazdslomiluiiavnmyewdnsomianing Jusu

2.3.3 Uadviidmadanisinneandnduvesuslsiiuosd
mednvurlasaianaeiivesualsiiugedfiuszneuie conjugated polyene chain
liualsfiueediiannulsenainesnfindumesiadowindauseg laie ety senduy wa
wazAwTowduiu (Ribeiro et al,, 2010) waziinalamsiAnsendnduiinlusandunind 2.5
wazlonsruiunsinesndindu ISusutusetedladasents wAlsusefRonUfA3eiv
davesfuies vieastuluanmwindeuuasindumseyiusvaalsiaedand uauann (Boon
et al., 2010)
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Electron Electron
Transfer Transfer
CarH* (Metal) (Radical)
Care*
Hydrogen
Photodegradation l Abstraction
RH,ROH,

ICar* or ROOH o
Neutral
Carotenoid
"Cﬂ.l'*
or
Singlet (RO-Car)e .Addu?t
3 or Formation
Oxygen Car-epoxide
{R-Car)
Car-0Qee Volatile + apo-Car
Autoxidation | Thermal
Degradation

d' = - ar = L3 s '
HIAN 2.5 ﬂalﬂﬂ'}‘iLﬂﬂ’E]E)ﬂ‘mﬂ“ﬁ‘u‘ﬂﬂﬂiLﬂIﬁﬂuaﬂﬂ‘\ﬂﬂﬁ’i}%Hﬂ’N"]
M1: Boon et al. (2610)

2.3.3.1 9alAaandiady

msvhuiseweualsiusedtuaandutluenmety  Wiaduldinelussuuitiun
TsiuseduiaviiieglusinvhasasBun3d (Boon et al., 2010)  seldsandindureauinualsfiu
Tuwudu viewmnsaaslstisuluiiin igumgil 30 swnwaded annsadetuldlneldinanies
i1 1 Halue luanmeiifeenfiauuasiineyiussnmseendiadunnmit 20 vlia 1y Mordi
et al. (1993) s AsTLIUNIERlneandnduvssuiuAlsiudwmaliiinnsnanans
Swenles  wazansUszneumsuelia  musnensifresndinduresaisusenoumani e
asUszneumsueliatitiaelnusuduas msuaulasenleduas nsaaduendan

2.3.3.2 myaanedafisauiou
nslimnufeuuualsiuoesluanneiiloandiau viliAnnsadwansussneui
Fiszmels wazansusznaudilisee Bonnie & Choo, 1999)  uena Nt Marty & Berset (1990)
i1 mslimnudeulasnsafuusuelsiiuuignd Wune 2 dlushlddslelewediu
cis+Budmauann suiaseyiusiinmstinesndintudnmeuasmsifiuesndiauadly dwals
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L‘UG]’]LLﬂI‘iWULﬂﬂﬂ’l'iﬁa’lElW]LWZHiu ‘\NE’i3‘UrJ'WIﬂWUE”?]‘UEJﬂL‘U(;’1%Lﬂii‘l’lﬁﬁ'ﬂﬂiﬂﬂﬂﬁ]’ﬂﬂ“ﬁlﬂﬁﬂﬁ SY387
LLB“H’?}LL@GW?‘UENWUﬁuF}UH Lilﬁ]'}ﬂﬂ?7E;ﬂ'1EJL?J'lll’lﬁLLﬂUﬂﬁ’N“UE}Qi..iitaﬂﬁmﬂ'mﬂiiﬂu

2.3.3.3 IWldeandindu

Msdudanuuas  yhbiiansaaneivesalsiusesiiuransenaln wazlwld
sonTndu yhlviineyyauszguinveunlsiiuees (Konovalova et al,, 2001; Mortensen &
Skibsted, 1996) armmwmaaq’[,ﬁl,uéhLmi'iﬁu‘i,uﬂaa‘[iwa%uﬁ’m&’auaﬁ'sﬂj WUIUANRENTAY
luwanavesuiuelsiiu vhuiisetuaaslsesy adusuyaumualsiiuainnaln hydrogen
abstraction ;,Lavlmaﬂamﬁﬁmhﬁu%a”luamavﬂisﬁu (excited state) enFuganIILUn
(ground state) I@amimﬂgﬂisnnuauuawmmwmmwﬂgﬂ'isn uagtinNIsaaIefIa8 19919
PNMsATNYYAUTEIUINYBNUAILALTY (Mortensen & Skibsted, 1996)

2.3.3.4 ayyaddse
luszuvems mawuayy)a%mzLi‘iaamnﬂg"ﬁ%&mmiLﬁﬂaaﬂ%m%’waﬂmﬁu (Choe
& Min, 2006) ualsviuaes %@Lﬂuiﬁ'ﬁ%miﬁmauuaﬁaizua awsmmwmauuaaaiv Tuegiiy
wmauimwamﬂiwuaﬁm Uninueendiau uasnuiifvesiaviasats (Haila et al, 1997)
wandlefioyyadasy  unlsiueesdominuffserlévarnvaty  rhunalansdievonsiannseu
hydrogen abstraction w3anainduq (Sritton, 1996) uavarsilasmnalnmai, p1AARULATEN
sordoaiuiugnle Ieltueyyadassnainvaiealdd

Tuownsiafialsivosdiu rudomsnnmsfieosndeduveaalsiiuess aunsn
dwalvitiansidounosnunmlundnfwsild Wy nsdaewed n'ﬁar;w,aaﬂmmmd[mmm‘s
Mt Wudu Adulsmamsuienalnnsfinesndiadusestalsiuond Wevwimaiiafimnzay
lumsihwmnuasiealsiivesdlundnsusiomsie B lmnniae

2.3 #nd17

findm  eglursdunesnauasiizsy e 29 Cucubitaceae  Tfenainenmansia
Momordicaco chinchinensis Spreng. dai3sndufie ne3e Mamil) i (nn nawie) ue
417 (unws) uin (Gac VJaauny) Baby Jackfruit, Spiny Bitter Gourd, Sweet Gourd, W&z Cochin-
chin Gourd dnwuswailunsenay vievss Twuwdug Unaquegiudenduuen waseudud
Wruanilonaaniuiivndsuduidiues (omil 26)  Fvsleiiausdslutsemadu wi
e a1 denawwe sia@euasiaulud  Ussinalvnetioulduaind rgsudifonduems savnd
ieitndnmileunrazne an v3enulvian ﬁ%@ﬁﬂﬂ“ﬁ%&iﬁ’m‘%ﬂﬂ”ﬂ wialduns dueenseuy Tu
gau danlgdudn mammmsamﬂiwan Auffuringn viothlusaduuns Wy wnwe (@51
ing, 2550) °lu=umv1nﬂizmmaﬂmuuaﬂwaanmanwm%ﬂaamam delumnannsodulduas
ddy  dwnuseneves T,ﬂamLEJE}mJmam'«uwnwaﬁﬂ‘unaﬂwsauLuaﬂmvgmwnmum 1997
Aduunstindumes wazdimnneInineaen (Vuong et al., 2002)
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AR 2.6 waflngagn

2.3.1 auAMnlavuINTEeeingt?
fisrgaudn wafindniiviunaualsiiuess lnalawslalafiuuasiuiualsiiugs Weiisuiy
ar L% o L7 = . a‘
anuaznalivatevlindinIng 2.7 (Bauerenfeind, 1972) uagnawil 2.8 (Voung et al., 2002)

Lycopene (mg/100g)

awdl 27 Usinallalafuludinuassaliiudngnan
#is: Bauerenfeind (1972)
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B-carotene (mg/100g)

A 2.8 Usinasudualsivludnuasua filagnan
7 Voung et al. (2002)

West & Poortviiet (1993) steamiuianas wiuelsfiuuasualsiivassiimun wiafu
188 uae 891.5 lulasniusiensuBeviuudnan @ Vuong et al. (2002) sneenaiinm i
uelsiuuarlalafiuviniu 175 uaz 802 lulasnusenudeiudaan musrdu soun Vuong
et al. (2006) MenutBnuesAUsznavtasasdfgludiguawaasaiintn (lulpsndusdensy
Earfunan) 1559 uoarmalaiiu (28+0.5) wduelsiin (83 3+40.6) Talafiy (408.4+178.6)
uazweavhlnlasen (76.3422.2)  dau Nguyen (2012) renuviupmsddgluiniuands
Wudaiind1n @adndusde 100 nfumadn) IduTinmiusiualsiiu 160.67 lalafu 120.23
himfiug wazlindiug 34.61 uenand Ishida et al. (2004) dalds1oauyianatalady
waziusualsiuludornd1ogeiia 2,227 uae 718 lulasnSusionsu sud iy auandfidiuis
AnuklsUsuvesansiiglunalifelind  dwduusvinalne asiiing  (2550) ey
ansddgyreanatind fe tuiualsiiu 22.1 waglalafiu 0.9 lulpsnsarensidwiinuga dwude
Wuwdeduasiivinauudualsiy wazlalefiusanadmsed 21 lnadadunsiananiiusuna
wihualsiuuaglalafiu innnifiwdluiasevuezuzdome G 10 was 12.26 wihwera muddy

A79199 2.1 USunauudualsiunaslalaivludowasiawdaiindn

o Wena orude
ansdnfiny . . ¥ e e ¥ .
Qulasnduw/nu dwdnea) | (ulasndu/nsy thwiinea)
LUA-WALSHL il 101
lalafiu 0.9 380

fn: q5ng (2550)

v = | [y v 8w o a voow
wihualsiulusaingiddgluiindn venmilelfidudnauemnsmusssuriuda &

a = " : H a4 ) = o o
\ulusianfiuie (provitamin A carotenoid) 8ndme Tnsfuanunsawdeuudualsivluiby
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Inniiue 2 luana Fdldlunisuvrdalsamvesluiiiia (blind  eye) Tuifin  Tnsanunsoiy
Usnausiiuea waziuiualsiivlumanedsiideddglunguiniifussniudhivedienaiind
Wisuisuiudnfisudsemudiuanddunseiiiung (Kuhnlein, 2004)  wenanisiiauts
L'Uuahmﬁuauuaaaivwmﬂmuwuwuauﬁumﬁmmaauuaaaivmuuu In vivo uag In vitro
uaﬂ%ﬂumawmmwmﬂgniﬂwaaﬂsmmmmaalwu (lipid  peroxidation)  la@8naay
(Handelman, 2001)

laiﬁwummsmmnaamﬂwmﬂmaﬂwﬂwwu'luwaﬂﬂmaaﬂ wazdoduansiueyya
daszansssunanneldluemisvatein LLaummmaﬂmmgammam‘imcﬂm“ﬁwauaﬂwmn
uziaen uarasiSinssmizasanas (Goula & Adamopulos, 2005) uanwilaanium
unlsiiuuaslalafiuuds Fnugitu (utein)  wazarsusznoauiiuednduq Afaudilunisdiy
ujisgneendiadu wu nsauwnadn nsawis-leasenduudn iesan wagludanu Judu dwu
walwweedinuldun wisdu gfiu uaz giledu 1udu Feasdusznovvesarsdfymaries
Lﬂaauu,ﬂaa'l,u‘a“mm’rmsmuavm'sanmawaﬁﬂﬁﬂ (Kubola & Siriamornoun, 2011)
uanani Ishida et al. (2004) faldnenuuiinunsalufiugsts 22 Wedidus egtwmin) lude
Wudaiindn Uszneusensaledsn Uisifn wazdluadn

rwafindniinnuannsalunsiiveyyadasy Imamwmumﬁ%’amaq il Aoki et al.
(2002) 31897177 lalafulaziumualsiivay mmu‘imﬂuu,mLamqmmmwumimuauuaamv
Tnsavnsludauuidaiindms uaﬂmﬂuaamwmu{]waauq MrasoUTnuuasavansaly
mMsiuufiseneendindu il Sone et al. (2010) ¥MaTiAsIwinaTesTTharaiese
ANAINSIlUNIIAUBYYEdaTERE TR WU mﬁaﬁ’ﬂﬁ’aammuaa 1257108 uasiodansd
@ ummmmitﬂ,umimawa@uuaaasu DPPH gaiige sesaunliun aaslsweiy uavisiuea
uanINiSmuTEsatafonsuea 60 Weosius fienuannialunsinaneeyyadeasy DPPH
ganduuswealudadiudug  sean Kubola et al. (2011) 51897471 WavasFaazasuas
BmsviwiseUsnalalefiusesiui-ualsiu wudn fvihasaneiifidaud senevussnaslsvedy
waziusueasrlvinaininislitlmdendises wasieniy wenainiismuin Uinadlalafiy
waziudualsiivluiniuaniBefuude fusinagairlufivan tarnmsviuiesaufouass
Uiinalalafiuuaziuiualsiiuganinmaiufsheaufousuuauiuduiusa uasnsviui
WUUBUNIILIN

goving (2550) Feudealiluenansinmsmansunndiiniuamusslonivesiindnly

1 Uszimaduldwdaunvasindradugnanui ndn 1,200 ¥ Ehseenssnauiy natninaey
A emswng 3adme uifeade ermstiudunarisafusdadon ¢ yislusnuduazdnioing
7 d@nlulszmadsaualdidedunuasundn (i) Wuen nsfuitndfugdy 1%1;45%@@
uie  dunsldnieuen ’lvrmL:Jaﬂﬁnmaummmaumuumauwaumamanuaa VAR IRTI Y
omsuaglfifewdaunudnauomsls venaniidawuin msatanwdadndnaunsonsesu
nsasragiduiy Saufumslédadulumstestunisindes Newcastle disease Tuld (Xiao et al.,
2009) wamwummsanm1ﬂmaﬂﬁnﬂﬂmmiﬂﬂssﬂumia‘mquﬂuﬂum‘smwa infectious
bursal disease Tulfimenisnsziumsuiasadaeasiaideny i (Rajput et al,, 2010)
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Fefu waflndIaduuvdwesansiueyyadassiin uaraunsotullundnsost
oy swieUselemimeguamld  Sdifuudeduudatiduedodly  aiafasions uas
Némﬁm?’zmmitﬂ%uﬁwmaﬁzﬂuuawhaﬂszLﬂﬂﬁaﬁuﬁqﬂasﬁnsmi‘éﬂﬁLLUigUﬁmmaam TEE
aauAalarunslldunniae

2.4 wuualglatuaeisnisinuiauunudes
Y o L 74 1 <@ :-dafq Qs = o a7 - Yt
ukalgaTunIsnsusLuunudes WWuisndeuldivaisduazarsdrdnlusssued 10
msAnwinstosiumsameiivesansdfigeieg 1wy arsnguualsituees seninnszuaunsiou
urlgaduesnuiegneailioy uarindnifuwrasweswalsfiussdfifdnunamis setuainasil
m‘iﬁnmﬁmasﬁmmwauﬁ’um‘st.ammﬂyawm’[ﬁuaﬂﬁluﬁnim qua’maaaﬁv{aﬁu LAYANTIY
o v 1 4=} H ) 2 1 :
s unudesnvinsauiegldivansnauil

2.4.1 wuualgaty

tounalgiady (Encapsulation)  1lunsyuaumsiiduivszendldagaaninsansly
qmamﬂisnmmnﬁiaﬁﬂﬂaaﬁmﬂssﬂawa»ammsmnmsqagtﬁa wie nsUAsuLlag
afsvneuidfey wu Faiiu arslasunde uaz anstindusa WWus IUFRTe Y iindu
Tuomns lasiawiwufissnesndindu wiagndernnisssmeasnaine s fiinnnaamyd
uas ALFUFIS LazaanBiau 1TURY (Desal & Park, 2005: Gonnat et ali=2010)  #wmiy
nalnnsundesiu innnuenaauiinzifsUfievieguudseansinanimindeivese s #e
mMsviedumeniang YesuauaIvieaynia (encapsulated 130 core materials) vosasddy
vseanslindusa fsluuusy via wedmasuneg (wall systern) fiflsunadond 1 lunseuss

1,000 luAsausanini 2.9

SIS L

{Wall material)

HAITUNHAANW

{Core material)

AW 2.9 lnssafeveslulasuntya
V7 : Furuta et al.(1983)



MilnnedyAnal NIZIaNIImIAnsE
17

2.4.2 vilnvasasindeuiildlunszurumsiounadyiady

Iﬂsﬁ’a‘lﬂmﬁﬁaﬁuﬁlﬂumsLauuﬂﬂmaﬁuaﬁsﬁﬁm W%Bﬁ?ﬁﬂiuﬂ@ijﬁl'}ﬂ‘] VBN LY
amamﬂﬁummauummwmmm Fansidenldamiavudy 3 Jusgiuguaulfua
druUsEnauYesdIsLAUNas mumwaaumsmmamummamamwm Lﬂmaqmwaﬁu
Uszianeineg fauansluned 2.2 Wiedies Laan“lﬁa’mwaw;ﬂmwmvﬂumimﬂmmmaamswaw
e 'Luﬂmaaﬂmwawuuu asidenarsifinuanifivainuats 1wy fnuasalunisiia
Sifatuiin SanauRmsad g ;Jmmwu&mma’lﬁmmmmuqa ausaundesarsddnle

pediusedAninm danuasiiszwinensiiuine uazsiatliume (Shahidi & Han, 1993)

A ' v - o ar 1
A58 2.2 arsvieviniililumsioutavgavasdfguazaiulseneuveiamig

Useian GRERREY

mslulawmsm anmsvuealalnnmsy Aesulesy ndunsu glasa lelaawmnasy

waglaa mivenfudawaglod uisawaglaa loSaisaglaa Wlmsiwaglaa
sylwiawagladwaglagesdinn

i | avAleiy neyu laiRgusade ASITuLY

afin wing wiswiu nsalasaiesn landweslss lwlundwaslss 1y
ludy ]

TUshu NG LAgY LAY sayiiu Fulnatu wWilne

i1 Shahidi & Han (1993)

arsvievuliunumddgsianunsiisesarsdrfglaemzualsivess Jaaqsiinng
denldansvievuiifiennsunizaiza Walinsieuuaygtandulusgnsiitssansnm uazualsd
UALALIANAITENINNSAUSI Y Teediseunssnsa L Iseanals iuasfii un1siey
wAUgLay fsil Wagner & Warthesen (1995) [amsaiieunislelaslad 4, 15, 25 uag 36.5 DE
Wuasvieulumsiounatgtanualsiuesdluuasew WU’J']NMLFI‘SEWWN’MH’]‘iLE)ULLF’]‘U‘Ma‘VI o1y
msm'usﬂmmum'mm,miamﬁlmmumsmmmﬂmawm&;amw 70 f4 220 WihuavuATONRaT
wmgnmﬂamsﬁ 36.5 DE uﬂﬁmmuaawmﬂi‘mmm“wmLtﬁii‘wuamaﬂ #au Rodriguez-
Huezo et al. (2004) srwnuMsieuLAlgavLAlsiuses 0.25 Lﬂail,ﬁum"{maumun Tuszuu
afadunuutihludaiuludh Iﬂsﬂbﬁmﬂuﬂmsmwmwwuu souazldlulanedwesiliuarvieiu
wmwmammimmmwam dwmalinunneyniauasjuivedulasualga Ustansamauue
ma‘zjm‘uu Lmaavnmiaa1&1m%aauﬂhwuaymaam’mﬂﬁmwawﬂuummuaﬁ

Rascon et al. (2011) s1e9uANuAIRIYaILAlsiuasaluy paprika oleoresin ks
wuuAy- ganlagnisiuieuuunusley ImEJ'I%’fTumiﬁﬂuaz‘iﬂ‘sﬁuaﬁ’mmﬁ"amﬁamﬂumsﬁaﬁm
wmﬂ;ﬂmu.mjﬂtia:ummmmwaauﬂiswuaaﬂmamimﬂaaﬂmmumnﬂam mamusﬂmwamwﬂu
35 asrwaldua uarAMewesuoRRin 0.274 ﬂnmuluiﬂsuﬂﬂ%aﬁhﬂumwﬂ uay 0.743 mmv
TsAuatnandandesmuddu  dw Matioli & Rodriguez-amaya (2002) 18474731 e

1A90908
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Snwlalafiuiiiunisiounaygian Taeldiuenstaduansvieduiigaupiiviedlasusiaanuas
wuilalafiuiivSinnanas 50 wWesdud Waifufnwld 18 Su uenanid Shu et al. (2006)
enuhlalafiuivedusowanivuasglasa uaziouaugiadudonmevhuiuurudes Us39
lugewarafinla insaaed 15 wWedidus aevdimadfiuine 28 u figuugil 0 ssmiwaldua

2.4.2.1 yaalamnnsy

uoalaanyniu (maltodextrin) fie amsvitunislalasladausdiudeteuluivie
n3A uaaT,GlLﬂﬂw?uﬁﬁﬁhaugazﬂﬂimﬁ (dextrose equivalent, DE) Usunii 20 Usznousie 1,4
LLEw1,6—LLE)aﬂﬁ—ﬁ-ﬂgiﬂl‘ﬂiﬂua—gﬁﬁmﬂ 138674 (1,4 and  1,6-0-D-glucopyranose-linked
residues) (Nickerson et al., 2006) Faei1 DE fia f1 reducing power vaemeausanilsause
Toalnuwanlsnldanansaioudiouiu d-nglaa Tnedwingiuwke Tnsunfuealmenyiudl
A DE Wesnd 20 fheglugunsdunuwiwseveavaduitbifisamu awnsnavaret 6@ veals
WwAnSudifien DE wansnsfuasfiantfininaiimanmusnsmeiy Wy armannsalunisazans
gamgiifenuds arumin Wudu Wenauusalaany3uiide DE  sniilundasmsindainy
wilganazirluvinliuie agvildndndudifinisnigiaiusinit aansavihlduksldding vials
lnssainvesmandusitianuniimanas Douldiluasiedulunisieutaygianaisdrfgmieg
waniuasiuy3unalld

iwammﬂ%’uaﬂmmﬁmﬂuawsﬁaﬁuwﬂmmﬁ%’wa1&1°§u LU MstaukAdYlan
ualsAueenlu paprika oleoresin lngldusalamanysu DE 15 (Beatus et al, 1985) Nstoukay-
ganualsiiuluuasendiouealannvisudill OE  uandafiu (Wagner & Warthersen, 1995)
waziuiualsiulunealaanysy DE 25 Dersobry ef al, 1997)  uanaind Kha et al. (2010)
Menumsihuiulefumdavessaiindrifeddhuiuuunudes Taglduealaanvzuduansd
léviedu wudh maduuiinamealanviwinussansamlunsieusaugaduiiniy uilidmwa
siomsAsuuaswansoluns U iiseeendindy wavanniiwmnrailunsudanade
vuudnvoswadindm fie Biunnwealmnnviu 20 wWesidud

2.4.2.2 ldlpatanviu

lalaaianniu (cyclodextrins) Wunedudnalsandvuiadnnitanise Slaseadng
hJLaqawzamﬁﬂﬁt@umm?}'mﬁaﬁmsLLmﬂﬁa suilanasseiuiivie sdnanmslelaslada
amsviaeieuleiangdunid Bacillus macerans  Fagldanvidunuuduaaiondt lelea
w3y Sediveriiauear wi wazunuin Feisiuoy glucopyranose  units WANFNAY Fadl
Trsaasadanwdl 2.10 nmsilassasraduisasideridulunasfandiduarslelnsinin
wsedingulensendadaduarsiidredduuenvens Suiliausadnarsilifitaitvue
waneRutasnafulile wasviliasdndniliafiosnmitu wu arsdmusssunnd arsddey
snaq Ianilu wazanslvindusa (Ashtray et al., 2009)
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AN 2.10 Iﬂﬁaaﬁqﬁwqﬂﬂusﬂaﬁuaﬂ“&'} LURN %La%LLﬂNN’]—IﬂIﬂaL@ﬂW'ﬁU
u: Ashtray et al. (2009)

Tnahlvasiusilelnamnmiu invggnihinUszgndldivaeainnssuemisuazen
mnwaﬂLuaamﬂumuwumswammmﬂﬁiﬂamnmuaﬂ 2 #ila wazdianuaunsalunisadye
miﬂsvnaumwaunuaﬂmmaqmww:ﬂ,ﬂﬂ (Szente & Szejtli, 2004) Fefinasthunldiduans
wawu’iummwmwLawaﬁmﬂngwmmml'maam’symmaam ldun uas sandiau gamgdl udy
mammmmmmmam‘iaaﬂmmwaqmsmﬂm waznTaAemnIgauiou Ja8negnsiAy
Snwvasansddglie iy Tmsmm&mmm‘i‘l‘?{lﬁiﬂat,ﬂn*niuLﬂuaﬁiwawmqu Blanch
et al {2007) na1n all-trans-lycopene mﬂumam@mmunmaumﬂsgLa%mmuﬁﬂﬂﬂa
wnvisy danumsialunmsiiusnwaliuiuniy 6 Weu  usnaani Basu & Vecchio ( 2001) na1
1 nslduearilelramnviudiuansvevuualsfiussdaimifualudn gre5nwUSinauals
uaeuazlnladseals  vnReIfu Szente et al., (1998) s189ud1 MsReaIsUsENaUE Sy
Auwearlelraienniu wazwsaudilelaawmnnsu vildualsiivesdilanuniiaseninanisiiu
fnwlddTu dau Nunes & Mercadante (2007) wWisuiisunsteuweyganlalafiulaeldinaiea
mimu,muukur&asﬂmEmm'mﬂn:uu,avmmaﬂﬂsawumwawu waginAtan1saseasusenau
wwaunmumlﬁiﬂaLﬂﬂwsuuaxwm,mzwmaaﬂmm wuinsldinediafiaesiiuszanaweu
wAUgaty 94-96 Wasidus

2.4.2.3 1987y
adu (gelatin) (Julalnsreaased (hydrocolloid) Fadulusiudilaainniside
amwsssmmua“anﬂlﬁmﬂﬂaamwu (collagen) @Umﬂu’fﬂwummmmmﬂa‘lu nIzan wladnd
iiloioifieamy (connective tissue) vasdnd 1wy A wy 1 Imﬂlwm'}mauuauﬂm 38 m
maﬂawiaama‘lﬁmanaﬂuawaamLamaﬂaamaamﬂumamu warRuddnvasiuwdy 3u
\n3n ienadlndesnu maamammwu araneldluifouliazanslutisy UAILBRULL WadRD
u.ava:um‘lm 5-10 Wiwsshwiniiu wmmuﬂnmu'nJi::'anm“LﬁLﬂumswawu'lumszammﬂmaw
ansddey Lesnsautinisiudiaduiia fnsadefidy ilm-forming) avaneiled uslaald
waztiosaanglddte (Bruschi et al, 2003)  usnaniimsdiuansuszneulalnsaiuaudwile
wanAufiasiAniadu plasticizer Melilulasuaugaitlétiy fsuhadunsinan Adeunasdi
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WSBALNE W TN aviviAz TIRnUNa 8 (Bruschi et al, 2003)  laeflsevunmsldaisvieny
wansgnimslidaaniunuiunsalwdunuuingsnda (¥-PGA) Wuaisviedy Tunisieuuasian
lalafiu (Chen et al, 2007)  Warfiukazglasa lunsieuunuganiuiiualsiiu (Zhu et al,
1998; Robert et al.,, 2003) uaglalaiu (Shu et al, 2006) lawdnsidusewinaeadiuse
glasaniiiu 3:7 Mlilalafuiinnunsiifiiae

2.4.3 wallanseuualgaty

Tnomlumadaiildlunssuiunisieunaugaduiiogvatomaila wazaiuisnduun
sanllu 3 ngumdn ldun nszurumsmenentm maall tasmaaiinneam fawandunised
2.3 uazmaiaideuldesrannlunssuiunsiounnumadumaianis fe F3nsiudsuuuniy
lop (spray drying) L‘l‘iaqmﬂﬁﬁunulﬁgqﬁﬂ winfisuiuizau uaslﬁn%mﬁmﬁuﬁqﬁﬁqmmwﬁ
uaznefuansfienulaseaniwuandon faty ualsiiuess ey Dersobry et al. (1997) 16
Wisuifisumsieunatglaniuiualsiiudiemaiaiisiaiu Tiun nsviukasuunudos n1svi
wiswuuidenuds wagnisviudsnuugnnds wui wehuelsulinsaaeshanniigailaldineda
ﬂ’rsﬁ’mﬁmuugﬂnﬁyq dumadamsiuisuuuwudosihlildgusdlilasuaugaitinsanas uasdl
yumoyMAEnTan Walisufiudn 2 33

] a ada W
AN 2.3L‘Vlﬂ‘uﬂ‘ﬂ‘uEJ@JI‘%EUQ?%U'EUﬂWiL@ULLﬂU‘gLa“{!u

Uszny walanld

NENTN Spray drying, spray chilling, spray cooling, fluid bed coating
(spray coating in fluidized bed), extrusion, multiorifce

centrifugal extrusion, co-crystallization, freeze drying

WALl Molecular inclusion (inclusion complexation), interfacial
polymerization
LAd-NMENIN Coacervation (aqueous phase separation), organic phase

separation, liposome entrapment

f1: Shahidi & Han (1993)

2.4.4 psimuisuuunusos (lnsy wazane, 2556)

msvuiauusulssdiunmsssmetiesnanveavatagesing nssuiumsivsznouly
funTHLTeNVa] (feed) saninaudiuazessundn Wnaufveineseufilvarnueg1ssins)
vinliinfiegluazosswaunarsemeluvianun warldndafuseglugurosmauds dmy
nszvaunsuR el fundasaueidy azduihswsldvennaratlupiswdiseauveamani
muulussduimnsausonsanlieenunfuazess  ntuSawenaaadausldannnisviu
ponun  dwiudedwwsavariitunviuiaiuansaldldvisiegluanimvesansazanei
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Wudeideriu viemsasaneiliduiedoi fegluguvasasarasvasmausswitweuds
uazvawval (slurry) wisvaavaINUIBILMa?
winnsdiuaiesilelddmiunssuiumsvhutawuununas Ao wisehuuuriudas
(spray dryer) lagudnmsvhusededfitunnvildueavandnanuandaduasosmdenss
Ene uds lwadhulluneeuwiedsdionnedeulvariu Tusasiionfulsminvesvsanaiiivuie
@nannUsgann 100-200 Tulasiums ﬁwlﬁﬁﬁuﬁﬁaﬁaﬁmmmnﬁu MIseneIaintuuuiuian
ﬂawa%mmmaummanf} amﬁ'sm’iamnuum%ammﬁwwymﬂaamumﬂﬂuanaanmnam
aumamlﬂmswalﬂ nsgUuMS i uuLesUsE naud s Tun s et

2.4.4.1 muinvasmallilioyniavuiaan

nsvihveuvalifiayniavuaidng (atomization) nievenvsanadiuilandnves
ANTOULNILUUN UK DY Lm'}“ﬁ]vLﬂuﬁfsﬁ'ﬂﬁmmﬁuﬁﬁﬁumﬁ Wy mm‘imﬁué’m'}mﬁ
suvethoenamewnslyd uasilhArazessles Fafidnumrmanen e U
aasAIUAmIMULLEY  devsuvaniivinadnasasiiuianlunisgsTounnudayldnn m'Lvr
Wanisanslournuiauuazns grelawsnaduliagefivsednsaw

2.4.4.2 p1svinWvaamainszanenadiuazaas

nsvnbmauaInszaefluagens (atomization of feed) nszuUIuILTuUNTS
nurlewvaanailvinszaeinanaliuazens  lngldvhaauuvasweilva  (two-flud nozzle
atomizer %38 pneumatic nozzle atomizer) gunsninutlasring Yesvattazenmeslvaiy
mvoshidauazuaniluazeasay LﬁawWnnﬁlwamwasmmﬁﬁqamwm%’aqamahﬁaﬁﬂmi
USudnsinsivavesarnia sedslunisnszanauazesmwenvan Snteuldiureavaiiibtany
LR

2.4.4.3 ANSHNNEIENINIELEDMEAYBUMANUBIMASaY

Tudumeuiiouninresemsssdidaivermatou Melimhluemnswarsuamudou
vnemaseunvhliAnnsssmetiheanty warldilundnfasinmnanun uasuonssnainasdou
funstvuaiicmeveamsiadsuiiveseiniaiow Dudshdyiifesiilads immanisiva
VBIDNFMLTEY ﬁ'ﬂ,ﬁmidﬂsﬂaumwu%’amﬁm%ﬂﬁaEiN‘i?ﬂL%:]ﬂﬂ'sé’uﬁaiw’iwaumﬂaﬂmi
MuanAsouwusls 3 uuude

1 msaluluiiemadeniu (co-current flow) swnsivanazgniu
sonlulufirmadniuivomeseuilvadh  MBivmnzdwivasilinudeaudoudlsssnd
mssemevsninintulfatremadilunarsudunn aumgiivewdniusiozsninguugiives
omAseuTeenranfusldTr L

2 nalvaauneiy (counter-current flow) svnawmanfignwiuuas
smasaulvaluiiemenssiudmiinneymaveemsiiigamgivn  deldfummnteusyd
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gauvigliiadusesq  auwhivgamglivesemiadou  dnvariasiinnsdralouniuieustin
UsgdnBam imnziuemsivusienuiaugawasianisauiounn
3)  mshuanuunauiy (mixed-flow) atsazatsuazainidsouazlva

WlumaReniunagaunieiu

fefindanudimshuiuvuwudesfumaiaildifiessmedenainvouvan
steninilaeeinadou uarldndnsusiiegluzuvesaus Wemmhukudiuseluazfaty
duukwatesiusynauvesudeiifin fuseuq ansununans vieansd dny ieuntlasansununans
Nnanmzwadeniineliiinnsgydearsddld dufu maiuduvuwudesIadudnisvii
fealdvialulugaamnssusmns esnduisiaunsoviléneidos wariesenisusyendldly
YRANNTINDWNT

UadviiinasioustavBamnisiouuauodu uavaunwyasdnfusildiu fwane
Yadeliun guumgfivssnsiaiy gungiiaufoundn gungiaufeumeen Sasmsluadhves
veanaInILIIaL wazvuIntesazeasiignudes Wy Fufufeieamanznisiuii
mmxauﬁqﬂ ﬁm%‘umsﬁﬁmmitauuﬂﬂgmw 219t Kha et al. (2010) 578UNISYIUAS
BovuudauasaiinindeiShuuuunures Taofvungungiandadeus 120 81 200 aaen
waidod wuhnsiinguugliauseuridwinliuszaninmlunisiouuatmaduanas  uav
gamgliaufeurds 120 ssniadsaiiugumgiiiionnzaufigalunseuwaUgaduidavude
findn Tnofisiuiinaual siusadismun enssuoondiadu uazA1dunsgaige d1unsivun
gauvgivndrvenisiuianuunudes 200+50sa9aidauargungiiu1san100+5 vae
wawealaeldutiouds 36.5  DE WuaisvesiunzaiunsadnmneawiivestoanLaziugi-
ualsiuannuasenléiian (Wagner & Warthesen, 1995)

Tuvazieniu  Robert et al. (2003) sieud1 Mafururgungliaudeurid
1005 parriwaldes uargun)iviesn 655 asrngadied SaubeeunuYuzwuros 5 Nlaniu/
ATUUAS L{'Juamam?'immza:ﬂum'iLauuﬂﬂgmmﬂi‘sﬁuaaﬁma Rosa mosqueta Wilvinn1s
aeemliifan  wendntiu Goula & Adamopoulos (2007) wuirladeiinasouszansnm
wuuaugadulaleiiu Wud awduduresasvierutazasununans gungivesasiediunion
wuwAlgaty wavgungiauiouyutn iﬂa‘ﬁﬂix?m%mmauuﬂﬂﬁm%’uqaﬁqﬂ 93.19 osidus
gungiivesasavatonououueUgiaty 52 ewnwaldvauazgumiianiousudt 147 o
CRIGER gl Shu et al. (2006) enunsldgamgiiasisiunousuuaiyadu 55 aam
wadvauazgumgleniouridh 190 swnwaldea uduanmzfivnzausiensiouuasian
lalafiusnamaiianisvituisuuunudos

uonand aududuresansiidesmaiatiy Alundadeniiiinadeuszsaninm
wuuaUgiadu law Rocha et al. (2012) Anwimsieunaugavlalafuiirnundudu 5 10 uas 15
wWeddud lagldinadiansiuisuuuriudes wuinszdninmeuuadgiadusgsening 21 - 29
Wosidusd  Tuwmeii Goula & Adamopoulos (2007) unauglanlalafiulagisnsviuisiuy
wules wazlionsidruasununansdeansvieviy 1/3.3 fussdninaineuundgiadu 93.19
wWosidud fufuouuaupaduivizifiuszansamiisniliasunesansnauualsfivesssyming



23

nsruUASILAe Femsidenldaisvieviuuasannzmaiiuiiuuunudosiivunzay iiefiay
Ueafumsaaneshvewalsiiuesdluibauudadnd wazawsaduadoiuudaiindafiru
nmateuualgani Wussandldlugaamnssuomsaaluls

2.5 ATMUAYAZ YR IVITTSUINNSINUS e
=
2.5.1 nsiasunuatqunInYaseIus

uanIINNIsLUABULYaIAMA M ENINensEU UL TFUBIMITU 9 msdailnng
Wasuwlamunmsevinmaiuinulédnde Tnevaluudanmsdsuulas wemadeunss
AuAMYee s awnsaduunldiiu 3 fw lFud mswdsuulasgunmanienm maad
WaENITININ ﬁaﬁu%aﬁﬁLi‘juﬁmﬁm'sﬂmﬁ'ﬂa}5qawmmamﬁmgauuﬂaaammwﬁgu \om3s
Jeafunarinengnisitusnmemnsivienuiuay

nsiauLUamenieniweseuIsuie dnfiamgainnisitudnenluanigitl
wnzan dwwaliorgmsifuinwiduas enfiu msfvensudlludfieuiugs emnsuaey
Aamsaatddinan fos dwalvinAndusiinutugsiu orgnindusnunduas (Singh, 2000)
uen Nty Weawnsuadudaiumuiugs videgamgilumafuinviiadu wdedasionns
wifinnsTusiuiau Lﬁaamnﬁmsgwﬁuﬁ”@mmsmﬁu (Robertson, 2006)

nsaanefIYeInuanENEn I sEamdALda vIoamAamidaruans Tnlanvauiin
ufAsemaedl lasaniamdng veesmsideunlamaniissrinmsiiviow Snieanuiisen
vesdrulsznaungluemisies uasujisenseninsdiulssnouvee misiuanisuindsy
ABUDN 11U LAY BanTLaU gl wazIwmasianiin (A,) Fedmadenisaanasivesansdidy
uazmaineendnduredluiuluavisseninmafiuinunlagevsnilosdusenauvasnsalustiu
filiidusags axiidennuamodimnd deadvimluanneilivnneay onfdy nsdudad
sondlaunioonmgiigeuansini ViATeuaiisefimmuduiustunsieuseseuled msida
sandinduvasluiiu wasnafndimailiandeeulsd (non-enzymic browning) FeUfisen
il duhlugnmswasuuawesd nausa ssdidauasaadwalagunnisidogluems
(Singh, 2000; Robertson, 2006)

msideunuaeaIIsEHINiUSne SulanuganaingAundglasnmamilse
udinsufuidnsinmsaiyuessdunidiudunamnaniiiafonsluresems Wud fies
Temouendin uarFinaasems  dulledenteuen oud gamgiilunisifiuinm arudy
duins wazarudutuvesineluantizuinden (Robertson, 2006) Toeviald ewnsdis]
s viesumsyiuis asdiniansyrendunidmilufedniunsiuinsesluans
fonnzay tetssiuamsifamsidennssnuamdadiudsiuiu



24

2.5.2 §asnisidounesamunmatamns
nswdsuudasguaimemssewinnafuing awnsavhunglédesananivos
UfATeN (reaction kinetics) iwfimsidaunssgunimainnisianisidsuutamianeniv i
uaztszamdudagminnlifeyssdiunsdsuamunimewns wasilahuuuasaite
vunemsidsuulasmuaiwormsluaniensifiusngeg udwszidueignisiiuinwives
81138neY  (Robertson, 2006) msifeunssrmmoslasadunslusaraneven
ansneungldsiaunis

- dC/dt = flli,Ej)

wugdl —dC/dt Hudanmsasuuamwesviimsdeunss (© denan ) ; dw
wipamneavagldlunsdfiaududuees C anaailonansuly
fi: Yadenelu G = 1..m)
Ej: Uadeniouan (= 1..n)

Tunrundusdudy dunsenivnsuinalalunsifiauifteluemsiiuiass fidwa
mamsLUaauuﬂaaﬂmmwmmﬁ Lﬁaw1ﬂmmeﬁ’m’faummaﬁmﬂﬁﬂeaaﬂmiLaa fatfunsiden
naaﬂam’nwwuuaaﬂuaﬂmummwmummmsmmuwmﬂgﬂﬁm venBaRUATIARTL Faauns

~dA/dt = kA"

Tns A durmmidsduvemnsfduiiviaingen
t utam
Jupnpaivasdnsinsinufien (rate constant) Feruogifutiasnisuen
loun grungdl a, WasAIUITLLAS
n Wududuresdfiien (order of the reaction)
davdt. WumsiAsuuasmes A siaiaan

Tneiluud mswdsuudasaunmwluewns siduluaafisensusu 0 vie 1 dns
MsfnUi3endudu 0 (pseudo zero order reaction) tinl¥esuraufAzenisiindiiaiadils
ondeieulesl TundniugSyrduasndasmusiuume mafnoendindutasnisivveslotu waznis
amam‘lﬂatauiﬁmawnualmﬂ agslsnau msmamas}ﬂmmwmaqmmwLﬁu"iﬂmmﬂgﬂ':m
Susumils Wun magaydelniiu madsanmeedusiu KazNIA Y LeauNSY Dusu nwdl
211 uansfensvAsunamunmemsiduluma§sensnefust 2 Sudu (Singh, 2000;
Robertson, 2006)
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100

90

a0

10

&0

50

40|

30

AMOUNT OF QUALITY ATTRIBUTE

20 2ERO ORDER

1 1 i
80 00 B0 200 250 300

TIME IN DAYS

MW 2.11 MIRsuiUasun e saenamNUiN e 8 uAU 0 wagdusu 1
#1n: Robertson (2006)

UDNAING - 971UANUABINITNTIUAASITIS - (half-life) wpenTaanesvasansessuly
8113 FdinsUszenalyaunsn s

t,= 0.693/k

2.5.3 wavasthdeneuandesasnisnisiieufiteinisidesnasamnin (Singh, 2000;
Robertson, 2006)

2.5.3.1 uavesgmnll

= o ! = fol 0w Heaa oA 3 ar o
gaungidnddunsdnesididy aidvinanesnsinisideunssnunin lag
AUANRUSIENIINaTRIgunglisednsinsideunssAmaIn ansauanslddisaunis
Arrhenius A3l

diin k/dT = E/RT

Togit k  Wurneivesdnsmainufisen
Es Lﬂuwé’qmuﬂizﬁu (activation energy) (kcal)
R Wurimsivesfine (1.987 kcalmol )
i Lﬂuqmwgﬁﬁmg‘ifﬁ (absolute temperature) (K)

n1sldannts Arhenius  Tunsviunenisidennssamuaini enafidediin le
gaumgliiiiuinwiemsgindt 40 esmueadeald  dws E, vevenmulidegumgii
Wafuvewisen 8¢ £, Sefuegiuiiadudug ¥un tawmesuenda Uiinarudu vina
YaUE4 way o (Robertson, 2006)
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Togtudimslden Q, (temperature quotient) Tumsuansravasgamaiifisheiu
10 asrnwaldeasiadnsmaiaufisen fsaums

Qo = krao/ks

oo ke Wumaiidrsnisiiaufise
bestei L?ju?’hmﬁé’mmsLﬁﬁﬂﬁﬁ%mﬁa@mmﬁmﬁu 10 s9A YL TuE

2.5.3.2 791 suanfin

&
aa o

mqamamaﬂmm Lﬂuamwmus vmammmula‘aaeuﬂummswammaulmaam
dushigamaiiiietu Ssfididaus 0 e 1 uemidulSumnududuivismsds 100 Taod
& ! s aad - a o "
mwdulaq AneweiueadinveliAiviunuguvadl fuandliluaunis Clausius-Clapeyron
fiadl
In (aW2 - awl) = (AH/R)(L/ T]_* 1/ Tz)

o ' s aadd a e <
VBN a, e a,, uAiewesuerflanonmalduysal T, was T, (K)
[ 2 P & <1
AH Wundsnulunsgaeiufourasemisiansdulag O mol ')

“ua‘,mﬁnmmmﬂﬂuwuamw ﬂma“mm*ﬂuauwmﬂw Tuwaﬂmﬂmuammu
maamaaﬂuammam Moisture sorption isotherms ﬁlumﬂwaamuiumwﬂ‘immmmﬂunv
’Jama'ﬁu,aﬂmmwammmw mauﬂﬂﬂﬁymummmmwmmmmaumaﬂmmﬂm%wmmuau
dalss 'Jamamaammmwaﬂ (Robertson, 2006)

2.5.3.3 aan@auluainia

i ufuddn sondnlugininlinasenisidsuutasnuAmislasuinisves
8115 o ildu n1sgydgnalsiussdilesannnisiineandedu Wedufassndiaulusinia
Fatfu Lﬁ;a%’nmmmmﬁwmmie?'lﬁ'tguaz@mmmﬂmmmwm*] Jafpen1san1iznsussed
Usmineendiau wisanUSinaeendidlieglusedum SalivaneTiieiy Wy nsadeaniie
gayaynia wismaviuiglulasiouluussadusies Wusu

25.3.4 u&

AudurauaarsyszIaInANdauss Snademadsunvasamuninemisi
MINEAT uA M3gaanesd uasmaadl Wy msggidisaummulaguinsseninenisiiu
$nwn nsgadsheniufiazatsluleiuneia ﬁwammﬂmﬂﬁﬂaan%m%’wmhﬁu‘lﬂaﬁuaq
udise uarmWﬂuuuaaaeujumLs\ﬂmnﬂmsaaﬂmﬂﬁwmsemmnnauuﬂiswuaamanma Fariu
\WieannsidsuuUasnmnmeesemis Jsmadenldussyfusinannsatosiuomsainnns
dudauaalnansald (Robertson, 2006)
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QAU gUnTal uazIsnimnaes

3.1 Jagfu

- uaiindmgnihinanlsindn aidios 2.myauys
3.2 gunsaiuazinaaile
3.2.1 Mswansadovusdaiind
- Unnes
- YINF
- eUFulTueg
- usLmAuals
- YoURnaENs
- PELNTIIUN 1 Tadues
_ A%09e 2 uaz & Frumie
- Hand refractometer
- Homogenizer
~ eFasaaanuuriudes modal EYELA SD-1000
- gaegiiuWeud
3.2.2 NMIANALazIlAIIZRiBEN
- Hot plate stirrer
- Separating funnel
- Sonicator
- Vortex mixer
- Micropipette
- famelulpsiau
- fugud
- 1p3eein AHUUMUANEUNA]
- gouauau
- dﬁ@ﬁ?ﬂ@Uﬂuqquﬁ
- P30einANEsYUU CIE Hunter L* a* b*
~ 1A3Be UVavis spectrophotometer
- Vial &1 9un 2 Sadansniauddn
- YANTBINBY N MIUIATIZY HPLC
- C18 RP column (Inertsil ODS-3, 5 um 150 x 4.6 mm 1.D.)
- Shimadzu HPLC system
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3.3 @15l
3.3.1 maudnnadevudaiindn
- wpalawnniu (maltodextrin) DE 12
- 19a7siu (gelatin)
- winlelaawnniu (B - cyclodextrins)
3.3.2 @aAldmIun1sanakaz iAo
- Chloroform AR grade
- Acetone AR grade
- n-butanol AR grade
- Distilled water
- Tween 20
- Acetonitrile HPLC grade
- Dichloromethane HPLC grade
- Methanol HPLC grade
- 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) 91nU3%% Sigma
- Linoleic acid a3nuU3®m Sigma
- Lycopene standard a1nU3m Sigma
- B-carotene standard 91AU¥M Sigma

3.4 Fen1sAEiusuITY
1 =
3.4.1 nawleadaedagenadedndt

° [ ' o v - o P & v 1
mmaﬁn%’nqﬂmuamma'ml,aaﬂmuéﬂau,maan AININNA 3.1 IINUUUALAINTDINIY
= - v o ] A 1 1 A = -1
ATWATIVUIA 1 Tadung ummmuwnsmmumsumﬂﬂu.‘mt,'ﬁwqmmu -20 a9ALgaLged
qunnazihluvmsveasdsaly

waANnEn

X .
WHananndng

dovaumAefindan

T - -“- A - ol
1NN 3.1 ﬂ’]iLLEIﬂLEJ‘E!ﬁ&JLﬂJﬁﬂﬁﬂ'U'YJ
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= = o oy . v a -y < 2 o aa
3.4.2 ﬁﬂ‘ﬂ"iﬂﬂ’]’lz‘ﬂL‘Viﬁ']::’ﬂil‘ll%)ﬂﬂ'liﬂiﬁﬁ@i@ﬁﬂ“ﬂWiﬂﬁﬂNQLﬂﬂﬁﬁltuﬁﬁﬁﬂ‘Tﬂ‘?ﬂ'JEJ’JﬁLE]‘H
uadgadu

tuderfudeiindn 1 wWesdus (thwin) wavfivansiliviosiy (wall materials) léun
weanlelaawmngsu uaaimﬂﬂm“iu azlaaniy  lnedituneumseioudenni 4 ludnsidnd
Ay 3 sE6u mﬂuummwaumumﬂim u,amemamsnmmuwuﬂ@wemmmamaumxm
A9 3 SEAURIINIIT 3.1 feimTasyuRiuuunudey EYELA SD-1000 model fiUsznaudae
NDBULIY (spray-drying chamber) ¥u19 300 x 300 x 350 JadlUAT WEALUY 2 V19 (two-way
nozzle atomizer) lalaau (cyclone separator) %mau%@u (hot air blower) exhaust blower
waz louAudaeene (sample collector) Immsmmﬂ‘ummmauﬂnﬂaaa'luammm 12 - 15
fia@nsroudl 1dveauuis mﬂuwaammavanwuaanu'nﬂuavaaamamaﬂ i,La'mﬂm“LmLm
fuaneuainiuauiou ‘Iﬂaumﬂwa‘l,ﬂﬂﬂmqmﬂ'mu (co-current flow) a'muuw.ﬂaeumma
lelrauuazanasdloiudheghe udSnhnadeundaiindnlviemsimaniitasnmonmn

iasvieinasmglutinauemmgdl 55 ssawadea

Wugaviuding 1 1 wesiduslaminnin
Taln3lud 11,000 tom 15 U
1lU UMW aLUUR U De
& ' - %) ' a <«
iiuatansbioviuiintmldneaituesd

v

Hiusneil -20 esreadua

= ) = ar ' d w 3 ) -~ ) ° o 1
A9 3.2 Fuppunianssuiietiubeuiintienluisuuauglandenmaiudsuuunures
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3 d  w a o 34 . Y '
M15190 3.1 a:’rru::’hm'r;mmmﬂgtawwamuué‘mﬂnmﬂmaimmﬂuﬂfmﬁ’lumLm"uwudas

anIvieviy ANDLTY anumgiauiouridn
(Wasidus) (a3 aLgua)
125
10.0 135
145
125
20.0 135
145
125
30.0 135
145
125
3.0 135
145
125
LAY 4.5 £23
145
125
6.0 135
145
125
3.0 135
145
125
5.0 V=
145
125
7.0 135
145

upaloenynsy

wanlglaamnnsy

3.4.2.1 Aty
thnaderiuudaiininlususmegouausouiionmgll 105 ssrmiwaidea aundy
dhminasfisuiiues AOAC 930.15 (2000)
USinamudutsuendalSunadluetns u,asawmsﬂL;,a@malﬁﬂsauwgmﬁmﬂ’ﬂ
Wen (wet basis, wb) LLazgmﬁmﬁmLﬁe (dry basis, db) Ssanunsafuanildseaunis

X M - et 4
UIUuAINTUY (Sagazvasivunilen) = Uueau x 100
St + YSinaiin
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USuneurnudy (Sesazvasiininumg) = Uyt x 100
USHeueauds

= < & 3w oo 2 5w v ow
‘MiE]a’m’]ﬁﬂL‘UaEJ‘LHIWﬂﬂ%uﬂmﬂ’ﬂm‘ﬂumﬂwlwumﬂﬂﬂ Hi».ﬁ WULMUNLRISEUNTS

USunauanudu Gosarvaaiviinuig) = UShaeudu wvdnden)
1-[USunaumnnudu (Uhwiniden)/100]

3.4.2.2 A9 5UDOARIA

o d‘ &/ 3/ o 1 & =;n=:glJ v = s & nng
nadeuudaiindluinanewmesueni®a (a,) Mmowniasimeimesuendis (a,
Sprint TH 500, Novasina, Switzerland) lagvhnisinenfigamgil 25 asmwaides

3.4.2.3 Usinaualsiiusssiianan

F8n1sana

msafneasiunuitees Tran et al. (2008) leedauaiingaa 0.1 nfulunines
PntuunatndsiyasaeraLs L an LA eLa TnuluSRsEa L 3:2 10 fiadans wdvin
M3afngn 4 AlrSeunNEeEdne Mesvcsatnaunss 5 Sadses navnaudan magnetic
stirrer 1hansananieuafued RS Whsthnau 25 fa3aes2 aSlunsswen (separating
funnel)  9ntithansasaneladauuuiniessimAusinasalsiivessime lngnsananes
Wluanmeiivaniosuazmsimsiinssinelu ity

N5 IATIENUSUIILALlSAUB AN IULE
o a A d‘l & £ 73 - s r=9 = & ﬂ’;
asanaualsuseadnmudouiind 1 Wimsisimuiinaualsfiussdvimun
= a = = [
mensesaalpsinlniinoinaugnaiu 473 urluuns wasuansauduuansuady p-

carotene equivalent (mg/g powder)

3.4.2.3 YszAnSmwnmsiaunaUgiatu
nMsiuINUsEinEn mnsieuuaUgiaty (Encapsulation efficiency, %) auisves
Shu et al. (2006) FnhdnTaluszuitalSinaualsiusesramunnoutluyuieiuUsing
Lm’liﬁuaaﬁﬁ‘jwmiumLﬁaﬁuﬁn%’nﬁ‘lﬁmﬁwmmﬁu%’ae;amaqﬂ5x§w%mmauuﬂﬂgaa°ﬁ’u A4
aunis
Encapsulation efficiency (EE) = TCg x 100 / TC,4

Toe TC,, TCmmutaUsinauualsiuaesiviaum nouLaswas mMIteuuAUgaty
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3.4.2.4 waWAnlauLAUYETY
nananlauLAUgIadu (Encapsulation yield,%) a@1130A 147861435999 Che Man
(1999) 14 laglduinurasudmannneuuazndsmsieuuaugiadu dsauns

Encapsulation yield (EY) = TS x 100/ TS4

108 TS, TSMunefeUSinauaudeiavus nauuasvas nsleuLAlgaty

3.4.25 Ysuanudwalsiiunazlalaiuaae35 Hish performance  liquid

chromatography (HPLC) #1u35n115984 Aruna & Baskaran (2010)

Fesogranuferudniind1n 2 Asu anuauu n-butanol 2 faddns lurande
qu1n 5 fiadans wdnhlulediem (sonicate) Wunan 10 Wi et luszmesviazatoeen
shanswuinalulesiau 15 wifl aratediumdamelaaaslsiisunaniumsiuoa lusnsdiu
6:4 1M 2 Taddns udinsawiumuiusy 0.2 lulasians (Phenex, USA) wagangasluaiavial &
¥IvuIn 2 faddns wedrlUiinnsiuduanlalefuuasiudualsiiudaandes  High
performance liquid chromatography

anvizvaurdas Tdnedind Inertsit ODS-3 reverse phase C18 150 x 4.6 mm ID wag
\n3eansIaTndna Uy Photodiode array Miaanueaady 475 uiluuing Inefinairdaud Ao
dichloromethane: acetronitrile {6:4, v/v) Wy solvent A uag methanot 1Ty solvent B
dasuirvenviapdoutidu 0.9 High performance liquid chromatography /undi ¥innsan
et 30 lulasans hludmadud Tnsldanzimaipdeui (Nhune et al 2010) Faldnsmsng
3.2

o ) ' P = [ |
A1319% 3.2 ansdluaLaa Quwmﬁuﬂaﬁﬁ’mwaq

a1 (u) SmsrduTaaaedeud (Uasius)
solvent A solvent B
0-5 70 30
5-10 80 20
10-15 70 30

AangidiinalalafiuuasiudualsiulaenisiuSeuiisy retention time w8iiA
fegafuasunespunadlalafiunaziuiualsiiu indusuumyvinalalefuasiuduels
#iu 910 calibration curve 3sldnnisiessiansinnsgiu lasldasazaremmsgiu 5 Ay
\iudu

AsMmABIAAISYAGBITYNsNRaBteEeios 2 1 winhundiesgimeadinuie
VAALANA1AYDIANLRAETBINANIVIAABWIETS Duncan’s multiple range test fAszdiuaIy
Weilu 95 wedidud mndudnidenaniizmsndaiiunyauvesusazansiliviedusuu 1
anmzielilumsfinvmanududuresderuudaiindilunisvaaesely
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343  Anwwavesarududuvesdafuudaindilunsudanadafuwdniindiadae
FBleuuadgiatu

o &  w < 1) ) | P ) W n w1 s i i
dndeRuudaaininludesngiunnieg 3 sefu naufuansldviedunuusazan1zi
AAABNAINYDN 3.4.2 FI915799 3.3 PintuSaluvnuiauuunuelseaude 3.4.2

= Y v 1% o £ '
AN 3.3 ﬂ?qﬂiﬂﬂﬂu%aﬂtﬂﬂﬁﬂﬁﬂﬁl'lﬂ,Uﬂ'ﬁ‘WqLLVNuUUwuﬁJ@U

anviany auiuiuveudevusdaiindn
(Wasidud)

12.5
uoalawnyiu 16.7
25.0
11.1
@A 20.0
K™
11.1
wanlgleainansuy 20.0
338

dwtpiuudaiintialuimsiniaaiisasmenmeaisnisimswilute 3.4.2.1-
3.4.2.4 uaglATzinAliuRLRL Al

3431  M5iRseianuE@anIaluniniageyyadassaag3s DPPH radical
scavenging activity
m335u8e Lee et al. - (2003) avarediethe 0.1 nfu luthndu 0.5 fiaddas e
Wanglassaiiaualya udaduesdlau 10 vanhufvasana 1 Sadansadluasazans DPPH
Tuegdlnu 0.004 Wefidus 3 fadans wdhdndlSlufidadune 30 17 wdiFailuSadnig
ganduuasiinugnady 517 uiluimng ﬁmﬁ?uﬁﬂmmﬁﬁaaazmié’us}zamguuaﬁaiz ASANNNS

Jovaznsdudteyyadase (% inhibition) = [1 - Asac /Asand X 100

108 Apgacr W8T Agane ALIERY AINIIPANAULAIYBIENTANALALAINITAANGULAS
484 blank AuEIAY

3.4.3.2 Mmslmsisiauansalunisdtueendindudieis B-carotene bleaching

A1135v83 Nsimba et al. (2008) wwssudiadusauudualsiiu Insnsifvaisazane
waualsiiulumaslswesu 0.2 Tadnsudeiiadans adlurefunaudidnsealuade 20 lulasass
uaz Tween 20 TuuSinas 200 lalasing mndusziedviasansenn figamall 40 ssrmnivaidea
Wunan 10 undl udadmbindu 100 faddnsiuil Undtatuveaudualsiiu 5 Saaansiiuady
vasamaassiilansaiafaet 0.2 fadans thenswanluwguagenst flusrathauaugmmgii
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50 admwam&iawunm 2 s(f’ﬂl]ﬁ LLﬁ?QQU?lU'Jﬂﬂ’]ﬂ?ﬁﬂﬂﬂﬁuLLﬁ\‘mﬂ’Nﬂﬂ’l’lﬂﬁu 470 wlulums
mnuummmmiaaaymmhasaumaaaiu FIANNTS

%’aaa:msa‘a’ué’qaunaaasz (% inhibition) = [1 - (A - AY (Ag - A x 100

oy A, uay AO mummsmﬂauuamumwaamaemLLa::mam&mmummmﬂU
A, Way A, iﬂummsmnaumea&mamqgtavmamam‘uawaaauamms‘um
3.4.3.3 mimszianuansalunisiiusandwmtud 895 TBARs
M335%89 Ruberto & Baratta (2000) iy Egg homogenate 10 Weasidus Usuna
0.5 daddnsuazansannimegn 0.1 dadans adluvasavsasidusulsinnslild 1 daddns
daeindu ududueiadamn 07 s 0.05 Haddes udadedly 30 Wit vdntuI
nnesdfin 20 Weiltud (ey 3.5) 1.5 fiaddns uay TBA 0.8 wWesidus Tu sodium dodecyl
sulphate 1.1 wWasidus Yinm 1.5 §ad8e5 uar 20 wWasifus TCA 0.058aaansiianslunay
fhewaInavortex uax'lﬁmm%’auﬁqmwgﬁ 95 perwadua (Wunan 60 wil sanslilvnduudais
W@y n-butanol 5 fiaddns  aslumasanaaes wasthlutiumdssi 3,000 pm Whinan 10 wil
u,a'zmmsavaf\ﬂmuwlm@mm‘sﬂﬂﬂauuawmma"nﬂau 532 wiluwes AuluAsesarnis
a‘uaqaumaaaﬁv AIAUNNT

Sovazn1sdudionuadasy (% inhibition) = (1- A/AQ % 100

Ar - iupnseanduLEaIonng
Ac luAmiganduuasvesiiegamun

NIYARBMNNMSNAaEREIINSeaBteEtey 2 41 udnhuBnsyyinada
WamenuuanstesA AL TemansTAasItaedE  Duncan’s multiple range test Tiseeiu
el 95 wWeildud enmiudnidsraaismsnaniivansandiuny 1 anmeieldly
msfnmaruashvssasdiglunadeuudaiindlunsassdaly

3.4.3.4 3Ui9vauAlYadae3s Scanning electron microscopy (SEM)

U8 NNIRNY AR UUStuD  ArsmUaTSUay Ima‘twaumﬂLimmluarzwmwuu
wWerliimenguniu nuthlauiasevnesditianuwun 10- 20 wluwssliviaiasoeng ite
Fumsiilniveiegng neuhlUdeswinundesganssend Hitachi SEM S-2500
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vowsazguupiitluaat 7 seiu TUiwmsednenisnwaziaiifede 3.4.2.1-3.4.2.4 uay
Jesnanuansalunsiusendedy mudslute 3.4.3.1-3.4.3.3 wagiasieiand aai

3.4.4.1 psiaAddaaaIas Hunter lab Tussuu CIE Lab
nuferuiindnunindidmeinios Hunter Lab UltraScan  #iandusvsnensy
nszifasdvnuanmaidudd Hunter L, a* uag b* anedl L* Wudainuadng a* uansdennn
Wuileuazuns uagan b* wansfsraududmiswaningu TneuwdasiagaasiinisTasn
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é L at 1 A a/
TN Lo* a* by* Wuadveaiiegaiian 0 Ju uas
L* a* b* lumdvesetuivailag

3.4.4.2 nMsArvIuAIIaMERsIRINI S aWme S

msdareivesunlsiivagd wazamauisolunissueenimiuvemadauilndn
sevdnamisiiuine axgrdundnaiudasnisasiei Taeldannisvasufazesusu 1
(first-order kinetic model) fsl)

nC = LﬂCO — }((t)

el C Wumudiduresans w vailas
Co Wumnududuueans s Juil 0 weenisiiusnm
) ar o b [ 1 = o -1 A‘ty ot P
k  wWusninsdanesaaduaesyl (U ) NlnanauguweIns vy wasm
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N1IATUINANATITIR (half-life) Lanasaunts

t1/2 = 0693/k

ooy t, WueeSdinvesnsaanesvaualsiiuses (Tu)

Y @ =t 1 a e -1
k L‘@USVI‘E’]ﬂTﬁﬁB’]E}W?‘NL{‘Juﬂ"lﬂﬂ'ﬂ (u )

ad 1w

duA Qq (temperature quotient) lalunsuanawavesgaumaifisneiunng 10
BergaIgaradnsInN1sia UGN feaums
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gk Wudpsiisasmsifinufiten
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v ab a1 w o w 4B T & P w ey
fdnws WWNUBUs 1Y uaz Mdhws  lukuiiafinnaiy winefdanuusnsaiusgiifed oy (o< 0.05)
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993579819 (p<0.05) uonniimsiinduvesgumgiiaudourudfedmal e edivsunn
Anuduanad (p<0.05) Tnsflgamgiauounidmieg wuberuudaiindniiedudaeeariu
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dwmalisnsinssavevenieenllldsiniitiuie  denndesiunyiteves Goula et al.
(2004); Chegini & Ghobadian (2005); Rodrlguez-Hernandez et al. (2005); Ersus & Yurdagel
(2007) ‘ws'}Emumiaﬂawaaﬂsmmmmwmmammuamaummmwmu’tuwwamﬂm vhdu
AN ‘lJ’]QﬂLL‘WiN\‘I LasThuATENSING MUENRU  uenaniiseruiiUSinamuTuiianawons
Hevuwdailnd ieandvinavesnsifivenududuvesasvieriuild Teeidefiumnududy
vpauealaanniuain 10 Ju 15 Wesidud Iuﬂ’ﬁL@ULLﬂﬂ‘gLﬁﬂgﬂﬁUUB‘iﬂm fnalvusune
B uYedaegsanad (Abadio et al., 2004) saunsasiungldin mafiuaududuresans
vieshy LumaRuUBInaveds uazanUiuhdaseiissmeldlusegndiiosas

\lowanrufiianouauss (response surface) YaeU3uNaANTUTD N EBuLARTN
Paluan1iznsieuuAUgansing LanwanIwi 4.1
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I4.63
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X1 = Az mal
X2=B:inletT

125.00
130.00
135.00

B:inlet T

Design-Expert® Software
Mc
B S8805
6.30146
X1= Avgeiaun
x2=Bi

Design-Expert® Software

MC
3.96828
a.0a308
X1=A:B-CD
X2=B:inletT

()

125.00

il 4.1 FufinevaussvesUsinamuduresaderuudaiindiluangnisiouuaygian
149 : wealannyisu (a) Wwandu (b) way wen-lelaawmnvsu (o)
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m‘sLﬁuﬁummqgu‘w{;ﬁau%’amﬂLi"}ﬁqeﬁwa‘lﬁﬁaat’JN“ﬁﬁaﬁunﬂﬁﬁﬁﬂﬁﬂ%mmmmﬁuamm
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VinumnsfusnniSinaesieny
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(P157971 4.2) Iﬁzwamwnummnu mmawmuaﬂﬁnmﬂwawmaLﬁ}mmuwnmmwmu 1A
mamaﬂmmaamwamavﬁ%uaaimﬂﬂmuua LumﬂsﬁiﬁaLmnmumuaﬁwam danAaBany
31897489 Quek et al. (2007) mmn’um:}amamaﬂmmﬂumammﬂmimm’nmwwmm
asvievunniBvnavegungliausouridn

= ! ¢ aad o W w '
A1919N 4.2 ﬂ"%’]aLWE]iLLﬂﬂWPJQT]ENN\RUaﬂutﬂéﬂﬁﬂ‘f]']'ﬂuaﬂ’l'lgﬂ']ﬁl:auuﬂﬂ"gLaVIW'N‘]

4 b AMDIRSLDATIR
i B AIULYLYU Pl 2 Y ] ANY Y
E?']TWEW!M (ﬁ ‘51 ,) °UENFNLUBﬂMLﬂJgQﬁﬂ‘UTJWQﬂJﬂQQJﬁJﬁQU‘ZﬂL‘?.I']
Wosldus =
125 CO) 135 (°Q) 145 ()
10.0 0.290+0.008™" 0.270+£0.006™" 0.244+0.003™°
yoalmanysy 20.0 0.28540.005™" 0.269.+0.004°°" 0.237+0.003*"
30.0 0.278+0.007™" 0.258+0.005°>" 0.228+0.005™"
30 0.454+0.002"" 0.397+0.005"" 0.254+0.003™"°
ARy 45 0.426+0.002"° 0.391+0.004>° 0.285+0.003"°
6.0 0.357+0.004™"" 038540005 0.272+0.005™°
30 0.301+0.005"" 52680 3K 0.228+0.006™"
wenlelaawmnniu 50 0.282+0.006™" 0.256:0.002°°" 0.22140.004>"
7.0 0.256+0.002°>" 0.255+0.007°" 0.226+0.006™"

v b { o Y AB AP = v w | e o
s luuuaueuiiseiu uay Mdnws™ luuwdsfisheiu wnefsdrmuusnesiuetiesifoddy (o< 0.05)

lenaenuriiineuauswenaweiueniinvawadoiudaiindnluanznisiouway
YANANY ULAAIRININT 4.2 WU naeRRuNRIneUaLeweNBwmeTLaARIALaSAILT U
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Design-Expert® Software (a)

Aw

I0‘33?4
0.174833

X1 = A:mal

X2=B:inletT

125.00
130.00
135.00
A: mal 140.00 i
10.00 145.00 B:inlet T

Design-Expert® Software
il (b)
0.454 b
0.253667
4 0.48
X1= A gelatin
X2=Binet T
0.4025
0.345
0.287s5
023 &
€00
125.00
A: gelatin 37s d
3.00 " 145.00 B:inlet T
Design-Expert® Software (C)
Aw
0.301333
0.226
0,302
X1= A B-CD

X2=B:inletT

125.00

A B-CD 4.00 o § y
3.00 145.00 B:inlet T

o & a | s and a4 v = o
NA 4.2 ihnevaussesAnewmaswerilivewmsdeusdaiindiluannznisiouualgan
A9 : wealaanysu (a) Latdu (buag win-lelaawmnyisu ()

wandnvesudafuudniininieifiouualgiedulunisveassd fdiadeegening
57.50 - 91.37 wWosidud (31971 4.3) uazmslfiaamuuasierty selinandniouuaugadu
geigaiigmpilaniousndn 125 ssmwaleas  wvonaniddmu wunliunsanasvessandnien

uwaugiadulunauandvinasausenitenududuvesarsvieruuasgaumaiiauioundni

'
o

Wy Lesninmsldgungfigeilidnsnissemevesthseninansviuis uagdnsinisadng

auvierfuansualsitussdlaiaugadiiu (Shu et al., 2006) Fsllannsavievuualsiuesdimunl’
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= = o = 4 = 174 4
A3V 4.3 HanasoulAy YLATUYBINILY BV Lmaﬂﬁﬂm’ﬂua,ﬂ'nsnmauuﬂﬂymmma 9

—

. wendaousAUTaTy (Woildud)
?1']‘5%’1@‘3’11} (vd . ‘) ‘UB@NQLE}E’V}NLNEﬂﬂﬂ%?ﬂﬂ@mﬁﬂ”ﬂaﬂiﬂuﬁqu
LUBItEUs
125 Q) 135 (°Q) 145 (°Q)
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b.B aA aA
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6.0 78.8143.41"" 66.30+2.69°" 58.81+2.08™"
30 74.1041.21* 76.9642.00° 74.2041.72°
wein-lelrawnnnsuy 507 72.4840.44" 73.5540.35" 72.3040.76°
. ns A AR B
7o 71.065£1.12 70413121 71.1541.26

@ ar ab - ar @ ar AB ey, a = = 3 Y 1 e v
gy luuwueuiianeiy uay fsnes T uwwansiisneiy ssneialirnuwsnsatuesaitd ey (o< 0.05)
" wnedls Liflamusnaraduseraditiddy (020.05)

P Ly oS\ = o a v 3/
WenaspunEIneuduslvewmaniinleuwAUgatursmsdoiumdaiindnluaniiznis
1 a:i ! =i oar - v = 1 @ 1
LoukAlganae] (0 4.3) wudn neiianwasduduldduensdadu Taenwuin anudiudy
< a = =t A a ar e
vesealaianyiukazisa Rl unatslunmsinuil nandneuwavgadugedian wasnisan

ammﬁau%aum%’nﬁﬂlﬁwawﬁmammﬁma%’uamfh WALUAA “Lsuiﬂat,ﬂnwsumumwawmu
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Design-Expert® Software
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7781
57.5

80
X1= A mal
X2=B:inlet T

"
2
,‘.:.\a,.‘.

125.00
~130.00
135.00
140.00

10.00 145.00 B:inlet T

Design-Expert® Software

91.3738

57.8026
82
X1=A: gelatin
X2=Binlet T
83.25

65.75

125.00
130.00
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14u 00
3,00 145,00 B:inlet T

Design-Bpert® Software

EY
B88.9674
60.3075

X1=A:B-CD
X2=BinletT
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130.00
135.00

A: B-CD 2 740,00
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Design-Expert® Software
TCC
242585
1.4291
25
X1=Amal
X2=8BinletT
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135.00
140.00

10.00  145.00 B: inlet T
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Design-Expert® Software
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. 38
X1=A gelatin
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2.8
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3
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-0i2
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Design-Expert® Software
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Q
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Design-Expert® Software

EE
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X2=B:inletT
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130.00
135.00
2 I e 140.00 2
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Desig n-Expert® Software
EE
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Design-Expert® Software
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Design-Expert® Software
Desirability
1
0
X1=A:mal 0.830
X2=B:inletT
0.623
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©
=
§ 0.208
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A:mal 10.00 ~ 145.00
a)
Design-Expert® Software
Desirability
1
0
X1 = A: gelatin 0.850
X2=B:inletT
0.488
:'E 0.325
D
©
-2
§ 0.163
0.000
125.00
6.00
135,00
¥ 140.00 B:inlet T
A: gelatin 3.00 145.00
Design-Expert® Software
Desirability
1
(o]
0.710
X1=AB-CD
X2=BinletT
0532
2
= o3
©
2
@ 0417
(]
0.000
7.00 \
6.00 125.00
5
A:B-CD

135.00
140.00

3,00~ 145.00 B:inlet T
o)

i d’l’ a P v = =
amdl 4.7 Wufiwevaussasannzluniseuuslgantevuiinit: uealaanviu (a) waiiu
(b) uag win-lelaawmnyiau (c)
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Mnnamsnaasauantliliuy eadudunargamgianfourudrduadetadesneg fad
nandhediu uanilewasnituiineuauesresiudsiidne iemanmymnsanlunseuwa
gendeiuwdaiindudemaliamsihuiuuuiudesvesansvietuudazeiin (\mid 4.7) wui
arundiudutasansinzauvesiavieviuis 3 dmsumsnundusioly Wugd

- ugalewanyiiu 20 Wosidud Manmgilaufousidn 125 swieaidoa

- waiu 3 wWesidud Meamgliavieuridn 125 ssieaided

- wanlalrawnvisu 3 Wesidud Aguvnlaudouridn 135 swneaidea

4.2 wavasrnudnduvetevuudaindilunsudanubefundafindndeisounay
Ylatu
U

& = 2 e d v a o v
msveassiiiumsinwinavessudaduren@odundaiindn  lunswdenadoruuda
#ndndmeTBeualgatu Tasiwuesnsdusesasiorureoruudaiindmiluansaiu 3
sy dnamslessiauiinmaaiinenmussadorumdaiinduansdisnsiei 4.4

P wa < ) o o
19199 4.4 E“J'UWﬂ']\‘]Lﬂllﬂ’lﬂ.ﬂ']‘ﬂ“ﬂQQNQLSQﬁumaﬂﬁﬂﬂqq

. . AU utUYDY USueu nandnA
AIBEN v - o Y X ¢ aad o
o drTviadiu wanuwanfing 2 A27uTY @meitaniin | auuAUgady
il ; >
(Wasigud) (Wasidus) (WUafidud)
Al 125 4.42:0,84° 0.31240.011% 61.72:2.16"
==
A2 Laalaanyiu 16.7 39241.12° 0.29740.013" 65.3311.63°
A3 25.0 3.20+1.13" 0.269+0.011° 69.44+1.48"
81 11.1 5.98+1.46 0.402+0.014° 51.69+3.52"
B2 ahY 20.0 553+1.08° 0.34340.011° 5330:2.59"
be ab a
B3 333 4.80+1.50 0.303+0.006 50.19+1.07
c1 3 11.1 5.96+1.29° 0.397+0.007° 68.28+0.17°
LM ' ‘ - -
c2 ) 200 578+1.66 0.356+0.007 78.38+1.87
lelrawmnysy . S
c3 333 5.10+1.02 0.310+0.016 75.30+2.38°

v w a,b,c o o o = 1 ar 1 e g
Vneve MI9nET uwsafisneiy winseauuenstaiuseaiiteddry (o< 0.05)

mstimdeuudaiindnludandiuiigidy dmaliviinunmiu uazdnomeiueniin
vesnaiforudaiindrovnmegnaiiunliuanas (mseil 4.1) wudh siferailunainmsiiy
devudaiindmaduluunaiiunty Hunsiuuiinauseadaiegludiaduligdy wash
THiUSnanhfidesssmesenlutiosas (Kha et al.,, 2010) PNNANISVINGDS NUTHALERLDY
uaugiaduiielnoinfioeysening 51.69-78.38 Weddud wasdleliudanduvendeduudadin
fndeasveriludiatuszdmalinandneuuaugatuliualiugdiuig  vadidemnuandn
wuuavgiadu  Wudildanmsfnadinuewdmeuwasvdinmsiuiuuunudes  fou
WoiuuTuandeuadadindrasly siameiawaeiamﬂﬁuéwawawémammﬂgm%’u pgalsh
au nniimsiudasdudeiuudaiininaunniuly ssdwavhivddatuliineh  uavans
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vieruliannsoaauidunvieiudoiundaiind s shlvinardaounadgadusi
(Shu et al., 2006)

U‘%mmLmisﬁuaﬂﬁﬁv’wumaqmL?jaﬁuﬁﬂ%’ﬂﬁmunmauu,ﬂﬂ?l,amﬁluﬂmt}wi'mq uwazdl
Usnanderiuudaiindnuaniafiu (1wdl 4.8)  wanisnaaesmudn mMsiuUTnuveLdov
wiiaindn viliusinaualsiusedivmslusesdiun gy aghdlsfinny ansviavuus
azoile douiidnindiusevinsansununanauazansvevuiivingauuansaiu fududmnldide
vdaiindrilutiinaiunnfiuly asilansualsiiuesdlailignietiuiomn uazenavaunde
ogiinuiveslulasuauga uarilamadudatvesndinuluenialéunniy Sedemaldifianis
aanesvaualsiiuesdld  uanaInil Beristain et al. (2001) ¥namlFiufleudnnadiures
arsununatannauiuly vlinsaieduiduieveiuouniavesansununatsvuialng/ld
nanu Asdenaliiinnsgadsualsiussnssminnssuiumshuialddnme

60

TEC {me/100g)

Al A2 A3 B1 B2 B3 1 c2 )3

Al 4.8 Uiinauelsiussdiaountesadevinidaiininvissiuanuduiude s dedndn
R RNYY
Wi AL-A3 = vealmianvisu audududesudaiingn 12.5 (A1), 16.7 (A2) way 25.0 (A3) Wodidiud
B1-B3 = wandu anudiuduiievimdeiingta 11.1 (81), 200 (B2) wae 33.3 (B3) wWadidud
€103 = wenlslaawnniu mudutudoiuwdaiindm 1.1 (C1), 200 (C2) waz 333 (C3)
Wosigus)

NnUsEAvBameuLAUyaty (Mt 4.9) uandliiiuimsifuUSnareadevuudaiin
i1 shliussavBleunavgadiluiosuiiunliugdu  SsmenndosfurBmnuualsiuens
v agalsfimuiuiidanady deirnududfuresdeduudaiindnan 167 Ju 250
wWesidudlunealawmnydu waz 20.0 Wu 333 Wesdusdmivarswarfuuaziuilalaaimnysy
UstAvBnmeuaugiaduldldifuty dedidesmnansieiuuiarein deulisasdusewinens
uAuRaNUATASiRvLTIvINzALuansnetY  FaazdwadeUssAvamaunaugaty  dndans
ununans Fslunisveaesil Ao ualsiussfluviinasnniuly swdwalFansvediliannsadn

< & v o . v a a o = & a = ¢
wnuansununansielilavivun dwalviuszdninmauuaumaduiunas uaviiualsfivass
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100

80

60

EE (%)

40

20 4

Al A2 A3 Bl B2 B3 c1 2 C3

Al 4.9 UssavEnmeuneugaduvamadedudaiindnissiuaradutudeviuwdnain
Y1891
vinewn AL-A3 = sealawnyiiu armddulavisideiindna 12,5 (A1), 16.7 (A2) uag 25.0 (A3) weosidus
B1-83 = Wwadu avuididufeuuidadinda 111 (81), 20.0 (82) was 33.3 (B3) wasidus
C1-C3 = wildlaawnndy anuduiud@evundaiindn 111 (C1), 200 (C2) waz 33.3 (C3)
wWasidud)

veundoaginuiavsdblasuaugaludiinaun (Tan et al, 2005) Uaninil Beristain et al
(2001) #aldsomimislidadiuvesnsununaiie Woiuudaindnitlivazay vilvns
vievuasiuAalaliiauy saiuaysimasofnfuualsiuesdionlild | Sedwmareuszanin ey
uaUgLaty

AnuanunsalumsiussnBinduseds DPPH Fadumsinmmsanasyesdsnaginoyya
Sase DPPH uleanannmsvhuiisenduasiueyuadass Iﬂﬂé’miﬁmiamawaaﬁai’m‘fuagﬁu
Usinaiansinueyyadaseitoglusnegns (Brand-Williams et al, 1995) wud1 msiiuSannmes
Wevuudedindn vilirnuasiselumsiusendindudie’d DPPH Tumedieiuuiliiugaty
fe (it 410)  Fafulvlufmmadeatuinueelsivosdiomn Aluasiuoyyadass
vinfiwludoviuudniindn  senalsimumsfieuansalumsiussn@ndudeds  DpPeH
anaslugavmaesiFudovuudaindn 333 Wediduilumaniunaziuilelaamnniuiy ened
avmuaInmsaanesieeuiautasMsiinesnfinduesasnaduualsiuessilignvievy
DALY TAINAIY

arwansalunsiusendindudie® BB dulumsinmsinnswesiduviaes
waAlsiy Lﬁaeu'1mﬂm'sﬁ'lﬂﬁﬁ‘%mﬁ’uquaﬁassﬁﬁﬂmnn"1iaan%m%'umaaﬂsmﬁimaﬁﬂiu
f¥adu (Kulisic et al, 2000) Tngdhsnmsdnanesdduvdssasiuegiuinumsdiuoyya
faseiegludiosne wul  msiuUBinuveadetuudedindn  vhlimwasnsolunisi
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20nTATUAI835 BCB Tudeghailuunliugsu (nwil 4.11) FdenmdasiumAnuaiunsaluns
AuaBNdaTunI833 DPPH

% inhibition

106 g

80

60

&4 DPPH
a0

20

Al A2 A3 Bl B2 B3 &, 2 3

At 410 easnsalunisstueendindudieds DPPH esmadieRudaiindiisduaiy
indudevinudaind sy
wIEme AL-A3 = uealaenniu axmdududaviusifedind1a 12,5 (A1), 16.7 (A2) waz 25.0 (A3) Waedius
B1-B3 = wandu AnudnduiBeriusdefindn 11.1 (B1), 20.0 (82) uay 33.3 (83) wWedidus
C1-03 = win lelaawmnniu mandidudeiendeiindhs 111 (€1, 200 (C2) waz 333 (C3)
W)

% inhibition

100 =N N e T

80

60

I
I L
. L 14 BCB
a0 I 73 h‘B.é 51'8? = 14‘_
41001 30,00 ’
20 e
S

0 -

Al A2 A3 81 B2 83 c1 @ c3

amit 4.11 amwaunsalunsiusendindudiod? B8 veswadevudaiindfisyiuan
ududeruudaiindrisneiu
wsme AL-A3 = uealmanviy avwmdududeiuudedind1a 12.5 (A1), 16.7 (A2) uae 25.0 (A3) wWesidust
B1-83 = wanfiu Anududuberudaindrs 11.1 (B1), 20.0 (B2) wae 33.3 (83) wWasifud
C1-C3 = (ua-lelaaenniu mmw’fuis’ugﬁaﬁumﬁﬁﬁﬂﬁn 11.1 (C1), 200 (C2) way 33.3 (C3)
\Wodigus)



51

maInANasalunIsFTusandadumeds  TBARs Lfluﬂ15§'ﬂa73ﬁ§°mlwvﬁaﬁl,;mﬁ
Fedunmiidmsewisnanuuaadladnnwandataanaiaenled U 2-thiobabituric acid
(TBA) (Banerjee et al, 2005) mamsvaaawanIwil 4.12 wanslidiuirsaansatuniss
poNTATUMETE  TBARs 1‘u€hasj'}aﬁt,mﬂﬁmga%umumﬁLﬁu%ummé’mswﬁautﬁaﬁuﬂﬂ%’ﬂ %1
aanAdaINUAIAIINAITI0lUNISINUDDNTLATUAIEIS DPPH way BCB

% inhibition
100

80—

60 — —

t4 TBARs
40

20

Al A2 A3 B1 B2 B3 Ll c2 £3

amil 4.12 eoianansslunisdiusendiadusied’ TBARs vosadatundailndniissduaiy
infudevidaindnaeiu
wanewe A1-A3 = uaalaanniu mmdudubaviiudedind1n 12,5 (A1), 16.7 (A2) wag 25.0 (A3) Wafidud
B1-83 = waniu Aamndududovumdniind1n 11.1 (B1), 20.0 (B2) uay 33.3 (83) wWosidue

C1-C3 = winlslemanviu mnudiduderuudaiindn 111 (€1, 200 (€2) wag 333 (C3)

wWadidus)

Unallalafiuuaziudualsiiu (alasnsudensy)  Aldannisiiasigisomain HPLC
fuwandunmil 413 wwimaderudniindniviinulalafuedsegluiae  52.50-64.87
Tulasn3usieniu uasuSimanusuelsiuaioaglutag 11.04-18.04 llasniusioniu dwiuns
Wevuwdefindildusalaien wiudiuasiedy fusulalafuwasuduelsiugaan 60.00
uaz 15.39 lilasndudensy awdiu Merudududevundatindn 16.7 wWedud dunade
vudaiindnildeaduduansery fvhinalalafiusasiusualsiiugan 5854 uax 13.05
lulasnfusiensu mudéu Aenudududevuudailndm 200 Wefidud wasnudariuudaiin
fnitfusilelaawmnuduasver nsilalafiusasuduelsiugan 64.87 uas 18.12
lulasn3usiansy suddiu Aeudududeriusdaiindn 200 wWesidus
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awil 4.13 Usnallalafiuuasudualsiuvesnateusdaiindnitssfuaunduduida
wianindreieiu
wanewn AL-A3 = siealawnviy mrudududoiiudaiindn 125 (A1), 16.7 (A2) uax 25.0 (A3) wWasidud
B1-B3 = Wwaniu Anuuduiaviuudaiinda 111 (B1), 20.0 (82) ua 33.3 (83) wasidus
C1-C3 = win lalaawmaviu eowdududeinudadndn 11.1 (CD, 200 (C2) uay 333 (C3)
wWesidus) :

e madavuiudailnd At uiuwals iusedfomn Uszandnmiauuaugiatuy
mnuansalumsiuayyadaer viinalalafusazudualsiuigaiigavesusazaisioium
dowgdnuauzvamalulasunvyaiilsd wuithilesuatgavemadsvuwdailndnitldarnnisihus
wuuwudesludnmgidenin lanvasgusameusndiunsnan fiseendn wazlifisesunn (am
i 4.142-0.140) ugnsdadnurnsvievasLALNAN R dauseeniinimulunaborinadaiindn
vesfudeusalamnniu (11nil 4.143) weziaardu (and 4.14b) Hu s191induszuIng
nszvrumhwiuuurules Suhldeynesssraianmanaissniistuseuriuwiuaslmdu
(Sheu & Rosenberg, 1998; Pedroza-islas et al., 1999) uanﬁnﬂﬁé’awmﬂisﬁuaaﬁﬁaﬁznssma
fegling uazmumeynrvesradeiuudeiininilglidesaiiaue

"i]’lﬂiijuﬁ’lﬂﬂiﬁﬂLaﬁlﬂﬁﬂ'ﬂa‘iﬁlL%M’%Bﬂ:ﬂﬂﬂ’!'ﬁmuuﬂﬂﬁLaﬂLgﬂﬁuLﬂﬁﬁﬁﬂﬁ’l’é AIATANTS
viusuuunurosvesnvievuusiazia liud wealamnniu 20.0 wWesidud figuuaiiauoun
1 125 ssrwaidea madiduveadevudeiindm 16.7 wWesidus wandu 3.0 Wesidus 4
gaumpiauiourndt 125 esmwadoa arududurendeuudaindn 20.0 wWesidus
uaziuslelaannndu 3.0 Wedidud Neamgliaudsuridn 135 ssmiwaidea anududurende
Wuaniindni 20.0 wWadidust whnisAnwiminasivesansddglunadoiundaing
ssminmsiiuihwsely



§ i ) o v I = as o v
A 4.14 lalasnsiwannnisdesnasy SEM maamLaanumﬁﬂﬁﬂmfmwaum'}mﬁuﬁuwa‘qu
waanndeaiu - uealawnyiu @), wandu (b) way win-lelrawmnyiu ©

o o ar & w o [ o
4.3 wanmsAnyAnuAsitves Ay lunsBs fuaiafind i umsieouneaygaduly
sTnInensiuinwfianiizaneg

msmaaa‘iﬂumﬁﬁnmm’mmﬁwmmsﬁ’aﬁ’tﬂumt?iaﬁmuﬁﬂﬂﬂﬁnﬁchunﬁLauLLﬂUﬁgLa
Fulusgwinematiusnuiianmgsing lumvuszusss 2 wuu dud UTSYUUUANYYINARAZUTTY
wuudaielulasiau mﬂﬁ"'uﬁ’ﬂmﬁu%'ﬂmﬁqmwgﬁ 3 seiu el 25 35 uay 45 asmwaldud du
frethafisseziiaidieg Suan 7 dam Tduarad

NNATA 4.15 Apauenmdlassanve @i o afind sz inmnanay
sieq lasusviswanananmgiiiililunsduinwiedadituddny (p<0.05lnslitufuaniazms
U3y (p20.05) lnenwuiraruuansndaesamedinubeuudaiindnivievudeusalanny
Jukaviarduiiynguvgiinsiivine Suwnlduasiflugas 21 fuusnvesnisifivinm uay
iy aseuinivedifoddy (0<0.05) nasnszoznAIMSiuII @RI auEn
findniviedusawilelnamnyiudiy innsaumfininiudnsesiiimuunnsslaesuved
WinFusgasiniil arendanisifiuinw 35 Sy Tapfigauvgil 45 ssmieaidoa asmwunis
tﬂgauLLﬂaammﬂ"}mmLLmﬂfﬁhﬁIﬂai’;maqﬁmﬂﬁqﬂiuwnﬁmma (p<0.05) Fan1siiuinud
qquﬁqmazszsJznawmstﬁu%ﬂmﬁaﬂmu%ﬁz goudmanianmstlasunlasdnaruuandig
nesawvesdnadevudaiind1n Tnsnisiufsuuasasanuuandrdagsuvesd Wusan
MnMwaTfsg T uarAAunsianasesaieudaiindn Siaeandesu Chen &
Tang (1998ﬁdﬁwaaﬂuﬂﬂsaﬁuﬁumaqmmmu,mﬂmﬂﬂﬂsfswaﬁlumLﬂﬁaﬂuﬂsammuqquﬁuaz

gorAMAUinuTiAuiy waz kha et al., (2010) flfsenunaiuiuressmmuuansts

Tnoseddlunadovudaiindniifiuinuiigamaf 10 20 was 37 ssmeaidea Jusvesina
3 1fBu
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25

20
== Mal-VC-25°C

15 = = pal-N2-25°C

=== Mal-VC-35°C
10

@A+ Mal-N2-35°C
=@ Mal-vC-45°C

= =@ = Mal-N2-45°C

Total color different

7 14 21 28 35 42 49

25

20

= Gel-V(-25°C

e = Gel-N2-25°C

15
=== Gel-VC-35°C

10
w= = Gal-N2-35°C

Total color different

=@ Gel-VC-45°C

= =@ = Gel-N2-45°C

b)

25

20

== BCD-VC-25°C
15

oo BCD-N2-25°C

10 “gi—= BCD-VC-35°C

Total color different

=+ oA e BCD-N2-350C

7 e @ BCDVC-45°C

so @+ BCD-N2-45°C

Days

@)
Al 4.15 AnuuaneslaesIneesd (Total color different) veamateviudaiind1nseving
AMsRUSne : uealaenyn3u (@), latdu (b) waz wn-lelaawnniu (©

USUNULALSNLEEATIIVUA LaLAINEINNTAIUMSAUBaNTATY (DPPH, BCB LAy TBARS)
4w o I - : = =
YasmudaumdaindIniuinyluaniesineg uanslilun i 4.16-4.20 AN IMARBIUTT
gamginaiusnwiidvinaseusunaualsiivesavionun  waganuannsalunissimueandiadu
a4 w [=3 v o a = @ W 1 i W oo @
Yasraaruaniini (p<0.05) lnelumsiingumginisiiusnudendmalviinnsaanest
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vasualsiivess wazvhldmuamsalunsiusenfintuanmaseglsiniuanne nmsussqld
fnaransaaneiveualsfiusenlazmINaNIaluNIA U BNBIntuee it ddey (0>0.05)

(a)
50
a0 ==& Gel-V(C-25°C
> ro e Gel-N2-25°C
8 30
S == Gel-VC-35°C
£
g 20 reohhe e Gel-N2-35°C
}_
=@ Gel-VC-45°C
10
vo e Gel-N2-45°C
0
(b)
50
a0
s BCDVC-25°C
=
% 30 «= = BCD-N2-25°C
E sl BCDVC-355C
Y 20
= ==/ * BCD-N2-35°C
10 i BCD-VC-45°C
= [s=  BCD-N2-5°C
0
0 7 14 21 28 35 4z a9
Times (days)
(c)
50
40
= == Mal-VC-25°C
E 3
Y = flll= Mal-N2-25°C
|—
=== Mal-VC-3500C
20
o e+ Mal-N2-35C
e Mal-VC-45°C
10
== [=  Mal-N2-45°C

= . P ¢ & A v < v 1 2 w a
AW 4.16 USunaualsiiuseaviavanvesmstouwdaiindnseninsnsfivinw: uealannvisu
(a), Laa1@u (b) wag wus-lelaawmnysu (o)
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(a)
70
60
.§ = \al-VC-25°C
=
€ == Mal-N2-25°C
§ sl == Mal-VC 35°C
a
% e .A. * Mal-N2-35°C
i Mal-VC-45°C
== fe=  Mal-N2-45°C
20
0 7 14 21 28 35 a2 49
(b)
70
60
i e G VC-25°C
]
5 50 so oo s Gal-N2-25°C
¥4
(=]
" gl == GelVC-35°C
T 4
& - 2o edis® GelN2-35°C
(a]
sl GelV(-45°C
30
¢ =s@e s Gal-N2-45°C
20
()
70
60
z s B0V -250C
(=]
-
T 50 = = BCD-Nz-25°C
i
£
< sl e BCDVC-35°C
< 40
E es ‘A. * BCD-Nz-35°C
o
” i BCDVC-450C
== [ BCD-N2-45°C
20

0 7 14 21 28 35 42 49

Times (days)

AT 4.17 Ammaansalunsiueendinduiieds DPPH vewalavuudaiintisgmizems
Wudnw: wealaenvidu (), waiiu (b) uwae Lus-lelaainyiu (o)
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(@)
70
60 P 3V C-250C
5 = 1B = pal-n2-259C
£ 50
£ === Mal-VC-350C
E3 = =¥ = Mal-N2-350¢
o 40
U
@ =B Mal-vC-g50C
50 = 9 = Mal-N2-450C
20
70
60 G| -\C-25°C
S sse®ee Gel-N2-25°C
5 50
Z sy Gel-\C 350C
i 40 "o thre Gel-N2-350C
(W)
¥ D= Galo\ C_a50C
30
“e®: Gel-M2-450C
20
(@)
70
60
= s=={p== BCDVC-250C
o
5 0 = flil= pcpn2-250C
o ot
=
® =fff== B vC350C
- 40
o *eedhe BCD-M2-350C
[sa]
s BCDVC-450C
30
== [~ BCD-N2-450(C

0 7 14 21 28 35 42 49

Times (days)

mwvu 4,18 mmam*rm’[un'ﬁmuaﬂﬂmmummﬁ BCB ?JaqmLaawumaﬂﬁﬂmaiwmm'ilﬁ‘u
Inw: wealaenySu (a), Wwandu (b) uas il Jlelaawmnndu (o)
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(a)
70
60
o \f13(\/C-25°C
=
2 esee Mal-N2-25°C
8 50
€ s Mal-VC-35°C
R
Euc: a0 cosAr e Mal-N2-35°C
- i@ pMa|-VC-45°C
20 veo@e s Mal-N2-45°C
20
0 7 14 21 28 35 42 a9
70
60 w i G| -VC-25°C
c
£ seodes Gl -N2-25°C
2 50
= gl Gel-VC-35°C
g
& av s Gel-N2-35°C
<
£ somi@rem Gol VC-45°C
30
oo o Gel-N2-45°C
20
0 7 14 21 28 35 42 a9
C
70 (©)
60
5
k= s 3D VC-25°C
S 50
£ = fll= BCD-N2-25°C
& == == BCD-VC-35°C
é 40 =« ofA** BCD-N2-35°C
= s Y BCD,C-450C
30 «= [r=  BCD-N2-45°C
20

0 T 14 21 28 35 42 49
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AW 4.19 enuannsalumsiTueenBiadusneds TBARs vesubavuiudniindnisswinnis
Aushw ; wealaianviau (), Wwandu (b) uag win-lelaannysu (o)
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dewSsuiiisuesifusinsgadsusinauelsfivessiomn wazauaunsalunsdi
pendaduia 3 3%maqa15ﬁaﬁmﬁmmm ﬁamwnﬁmnﬁu%’ﬂmzﬁmﬁuwu*:ifi amué’hlﬂﬂa
WNYSY mmsamaUﬂimmuﬂiwuaawwm ua~mmmuﬁﬂlum‘smuaaﬂmﬂsﬁuuawaﬂ il
gamgiinsiAudnui 25 ssruwaidea s 2 anmenTusTy lnediledidudinisgyde il s
UsTuuugQanma Usinauualsiiuesd 11.62 wesldud DPPH 8.62 wasidud BCB 9.09
wWadiuduas TBARs 1325 weadidusduaznisussyuvurufiglulasiau Usinauslsivens
13.79 wWaddus DPPH 1244 wWafidud BCB 13.10 wesidud uas TBARs 14.35 wodidud
Tunsveaei wuiwmiqmLﬁaﬂ%nmm‘[iﬁuaaﬁﬁg\‘mm KAYAIINEINITAIUNTA U BNTAT UL
Lﬁy?}lumuqfumuﬁLLasiszmaﬂumsLﬁU%’ﬂm Faflaummnanmsiiesendndusasloluwelsiy
Fuvawualsiiuend denndefiuseauyes Desobry et al., (1997); Chen & Tang, (1998); Kha et
al, (2010) lasnalnnisaanesivsunlsiiuagdtu Lﬁﬂmﬂm‘s‘ﬁ'ammﬁa&lﬂﬁiaLa%un'mﬁm
sondieduuazlolowalsiwiuvaualsiuesd  2IngUwuUYed trans- 'Lwaa'l,u'iﬂ cis- Fafimany
s luseniamsifivine fﬂaaqma’lmnﬂﬂ'ﬁaawm'ruamﬂ'['smaamuazm’lwmmmmsa‘iu
nsrueendwnduvsualsiiuesdanaslufie (Kha et al., 2010)

Usnailalafiunaziudnualsitu (ulasnsudent) Aleainnisinsieisnomaia HPLC
Amandlunwdl 4.20 wuingamnfiniafiudneiianiwaseUsinalalafuaziusualsivluss
Wevuwdaiind1aszwienisifivine (p<0.05) AUANNYNIUTSY LlinasaySunalalafiu
waztuauAlsAusg1iuyddy (00.05) "Lmaﬁalﬂmigﬁuamwgﬁmnﬁu%’ﬂmsjammaﬁia
msaaeivadlalafivuasiudualsiv nafouaidaiintiailiuealmenniuduaisiortu §
Uimnalalafuuaziusmualsiutounsiiuine 59.98 uaz 15.39 lulasniusensy auddu
drunadouudaininiliwadudumsviedy fusnlalafutasusualsiunounsiu
$nw 59.04 uag 13.05 lulasniusenit smudiu waswadornudafindnildiuslelnamnnsy
Juansvieviu ﬁU%mmlaIﬂ‘ﬁuu,auwé’mﬂhﬁuﬁaumuﬁué’ﬂm 64.87 wae 18.12 lulasniuse
nsu muﬁﬁu WAy Lmaauams~mnmmsmusﬂmwmw ‘naamﬂu 25 B NEaLguaE Nsldans
vzawm 3 Wﬂumiafgz,ﬁa‘usmmlaiﬂwuu,auwmuﬂiiwumwaﬂ iy 2 ALV (laln
WU 41.22- 49 13 Woesidud waziudualsiiu 13.07-25.66 Wasidus IR RION) LLamammmm'ﬁ
musﬂmawu LLmemsamLawimmlaiﬂwuuavmmLLﬂIﬁMuﬂauuwnmumwulﬂﬂqa uenvni
msgaydelalafiunaziuiualsiiu smniuaiussesnailunafiuinm Taefianmnu1anng
Hinoendinduuarleluwelsiwturaualsiiuesdin 2 9iln denadasfiusisaiuues Lin & Chen
(2005) ﬁlﬂalﬂ’jﬂﬂ’ﬁﬂtULﬁEJﬂ%?ﬂiUlﬁIﬂﬁmLa”LUﬁ’]LLﬂI‘iﬁu WRINNITERIBAIAI8ANSBULAY
maialelswelsigtu ilvualsiiueadudnia 2 vin :umsLﬂaau‘laimuasmaa'iusu cis- wazdl
awAsIslusE N iuinm aaaaama’lmnmmﬁamamamaala'iﬂwuua.,Lumuﬂ‘hwu
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Tumsneassll MsaatedmvsaalsfussdlazAauanuIsalun IsF U NTaTUVaIRLE D
Wagner &
Warthesen (1995) laawn51iiwasnnavamansvasusunaualsnussniazAnanuaiansolunis

Q

2 g -sn o e ol = W a
vanudafindlulumuaunsufisonsudun 1 Setopndeaiuiiaeiugna

frusendinduiis 3 remaberuudailndnaeldanmznsiuinmsg lefisgmgiinig
Wusnwan 25 W 45 ssrnaided uansdmised 4.5 - 4.8 Teednsnsaanesveaualsd
ua8ﬁﬁv’wumazﬁhmma’amiaﬂlumsé’wuaam%m%’ua}::ﬁﬁwqa%u wazdiAnA3edin (half-life) amad
FerualdvindmnsinisaansfvesSuaualsiusesnavunuasaruainisalunis ey
aan%m%’uﬁumiﬁnaﬂaan’hﬁqmmﬁﬁmfiw UBNaINAN Qe Faliumiinanssiuiuminyes
guvgiisednsnininufisendidiniu Lfiaqquﬁwmﬁu%’nmqa%uﬁm INHANTTNARDY
Fhviui1 nsdareiveualsiivesduarnisanasesanuannsalunsiueendinduanunse
Aeduldoesiniifigamgiige fafu msifusnusadoruiinillugungis Wetlestuns
gaudsualsivesduazanuannsalunmsiuosndiadu

[

AN3e7l 4.5 dmnsilieesaurmanivesmsaanafivetalsiues dviin
gy | AN Qﬂi‘lﬂﬂﬁ Kca;oté?oid Fhﬂ?ﬁaﬁ 2 -
U3y Q) () ()
25 -0.0126 104 0.8868
V == -0.0151 86 ~O§39;51 1.1984
‘ 45 -0.0190 69 0.8645 1.2583
i 25 -0.0223 59 0.8468
N 35 -0:0225 58 0.9515 1.0090
45 -0.0248 53 0.9350 1.1022
25 00123 | 54 0.898 o
V 35 -0.0156 a4 0.9197 1.2093
45 -0.0192 36 0.9137 1.2307
’ 25 -0.0258 27 0.8781
N 35 -0.0282 25 0.8663 1.093
45 -0.0310 27 0.8996 1.099
25 =0.0070 279 0.8919
V a5 -0.0084 232 0.9132 1.2000
45 -0.0091 214 0.9198 1.0833
= 25 -0.0097 201 0.9286
N 35 -0.0115 169 0.9158 1.1855
45 -0.0125 156 0.9328 1.0869

wngwe A wealawnyay) B (aady) C (uilelaamaviu); VC = msussguuvayyInie N= n15uss

wuunuislulasiau
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AT 4.6 AT ERDSVNRAUAERTYBINITAAEWBIANLEINS UM Lo NS e ua 5 E
DPPH miuUf)isendusiun 1

o danmezms | geuundl Kopph AA59TIn 5
Faena . o ) R Q0
Uity e () ()
25 -0.0053 131 0.9286
V 35 -0.0061 114 0.9719 1.1509
45 -0.0061 114 0.9753 1.0000
g 25 -0.0073 95 0.9485
N 35 -0.0081 86 0.9497 1.1096
45 -0.0110 63 0.9763 1.3580
25 -0.0072 96 0.9928
V 35 -0.0079 87 0.9958 1.0972
. a5 -0.0082 85 0.9798 1.0379
; 25 -0.0094 74 0.9826
N 45 -0.0109 64 0.9825 1.1595
- B 45 -0.0118 59 0'97677 1.0825
| 25 -0.0043 161 09164
V 35 -0.0053 121 0.9518 1.2325
45 -0.0064 108 0.9535 1.2075
¢ V5 -0.0051 136 0.9431
N 35 -0.0057 122 0.9595 1.1174
45 -0.0073 95 0.9681 1.2807
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A9 4.7 wWdmesniesaumansysinisanawea g salunseusandiedudne s
T Qs s A
BCB snuufnsenausud 1

L anmens | aamgll Koxcaton | AIA39T3R 5
RN . o 1 . R Qo
U9y o) (u) ()
25 -0.0045 154 0.9754
V 35 -0.0069 100 0.9483 15333
45 -0.0078 89 ] 0.9917 1.1304
A 25 -0.0087 80 0.9672
N 35 -0.0097 71 0.9725 1.1149
45 -0.0123 56 0.9666 1.2680
25 -0.0089 78 0.9482
vV 55 -0.0097 71 0.9489 1.0898
- a5 -0.0115 60 0.9363 1.1856
i 25 -0.0125 59 0.9285
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Vv 35 -0.0072 96 0.9765 1.8461
45 -0.0085 82 0.9821 1.1805
¢ 25 -0.005 139 0.9672
N 35 -0.0084 83 0.9744 1.6800
45 -0.0096 72 0.9928 1.1428
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TBARs uufisenausiun 1

v gnmzms | gaungll Krans A3 )
F9819 . o 4 5 R Q1o
U3ty O () (3u)
25 -0.0076 91 0.9794
V 35 -0.0082 85 0.9664 1.0789
45 -0.009 77 0.9850 1.0976
A 25 -0.011 63 0.9852
N 35 -0.012 58 0.9930 1.0909
a5 -0.0143 48 0.9880 1.1917
25 -0.0065 107 0.9782
Vv 35 -0.0062 112 0.934 0.9538
B 45 -0.0087 80 0.9871 1.4032
° Z) -0.0076 91 0.965
N By -0.0086 81 0.9766 1.1315
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25 -0.0044 158 O.952ﬂ7
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45 -0.0061 114 0.9908 1.3261
¢ 25 -0.0062 i 112 0.9858
N 35 -0.0066 105 0.9626 1.0645
45 -0.0077 90 0.9674 1.1666
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Microencapsulation of Gac Aril Using B-cyclodextrin as Wall Material
PIYAWAN YOUDEE, and Varipat Areekul.
’Facuh‘y of Agro-industry, King Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand

Abstract

Gac aril was isolated from the fully-ripe gac fruit (Momordica cochinchinensis Spreng.). Among
the natural pigments in gac aril, carotenoids are classified to be major constituents, especially
lycopene and B-carotene. However, carotenoids are very sensitive to oxidation, light and heat, leading
to deterioration. So, microencapsulation can be an effective method to improve stability of these
pigments. Therefore, the aim of this study was to evaluate the effects of B-cyclodextrins
concentrations and different inlet drying air temperatures on the encapsulation of gac aril using spray
drying technique. 1% wi/v gac aril was added to three different concentrations of B-CDs solution (3, 5
and 7%w/v). After that, the coarse emulsions were homogenized and twice filtered. In addition, the
filtrate was spray-dried with different inlet drying air temperatures (125, 135 and 145°C). After that, the
spray-dried gac powder was analyzed for moisture content (MC), water activity (aw), total carotenoids
content (TCC), encapsulation efficiency (EE), and encapsulation yield (EY). The result indicated that
MC, a,, TCC and EE were significantly affected by both B-CDs concentration and the inlet drying air
temperatures (p < 0.05). When B-CDs concentration and the inlet drying air temperature were
increased, lower in MC and a,, were found. Further, TCC decreased from 128.80 mg/100 g to 87.02
mg/100 g of powder as the 3-CD concentration increased from 3% to 7% (p < 0.05) and significant
greater loss of TCC was observed at higher temperature, and the decrease in EE was also found from
90.70% to 54.42%. Furthermore, a significant difference in EY was observed between 3 and 7% B-
CDs. In addition, EY was significantly affected by inlet air drying temperature (p < 0.05). In summary,
the most suitable condition for microencapsulation of gac aril was 3% B-CDs solution and inlet drying
air temperature of 135 °C.

Keywords: Gac aril, microencapsulation, B-cyclodextrin, carotenoids

Introduction

Gac fruits (Momordica cochinchinensis Spreng), a tropical plant, is classified in the
Cucurbitaceae family and has been used as food and traditional medicine in southeast Asia for a long
time. As a medicinal plant, gac fruit aril is a very good source of bioaccessible carotenoids. Several
scientific evidences confirmed gac fruit aril contains a high level of lycopene and f3-carotene (Tran et
al., 2008). Moreover, it was revealed that the consumption of both carotenoids can promote health and
prevent human diseases, for example, cardiovascular diseases and cancers (Young & Lowe, 2001).
Carotenoid structure contains isoprenoid rings which lead to many physical, chemical and biological
properties (Cao-Hoang & Waché, 2009). In addition, their conjugated double bond arrangements
confer their antioxidant property. Therefore, they can act as particular food colorants and provitamin A,
as well as anti-carcinogens, anti-mutagens and anti-oxidants agent. However, carotenoids are
susceptible to light, heat, moisture and oxidation. Therefore, optimization of processing conditions
might be considered to prevent carotenoids from oxidation and isomerization, and also to improve
their solubility to achieve favorable bicavailability.

Microencapsulation has been widely used to entrap functional compounds in a carrier
protecting them against deterioration. The mechanism is to form a membrane (wall material or carrier)
enclosing droplets (core material). So, the sort of carrier and encapsulation techniques can protect the
particles from surroundings. In food industry, microencapsulation such as solvent dispersion, co-
crystallization, interfacial polymerization and spray drying is one of the most effective techniques to
protect food ingredients. However, spray-drying, is the most common method for food industry
because of its shorter process and lower cost in comparison with other methods. Encapsulation of
carotenoids by spray-drying has been reported: paprika oleoresin (Beatus ef al, 1985); carrot
carotenes (Wagner et al., 1995); and pure beta carotene (Dersobry et al., 1997).
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Many carriers such as modified starch, sodium caseinate, maltodextrin, etc. are applied,
nevertheless, each carrier has advantages and disadvantages for its cost and encapsulation
efficiency. B-cyclodextrin (8-CDs) can be a good one as carrier because of the capability of
cyclodextrins to form inclusion complexes with a wide variety of core materials and, specifically, with
carotenoids is known (Basu & Del Vecchio, 2001). In particular, associations of CDs with B-carotene/
lycopene have been published by Mele, Mendichi, & Selva (2002). The 3 different wall materials have
their own characteristics that may affect different encapsuiation efficiency. Therefore, the objective of
this study is to develop a spray-drying method for microencapsulation of gac fruit aril using B-CDs as
carrier and to characterize the microcapsules in terms of physico-chemical properties.

Materials and Methods
Sample preparation

Ripe fresh gac fruits of similar sizes were purchased from Kanchanaburi province. Then, gac
aril was seperated and then twice filtered. After that, the gac aril was stored in the darkness at -20° C
for further studies.

Wall and core materials

Wall material used as edible B-CDs (Wagger W7, Germany). Core material used here was 1%
gac fruit aril separated from fresh gac fruits.

Preparation of emulsions and spray drying

The preparation of emulsions used for spray-drying was similar to the report described by Zhu
et al. (1998). B-CDs powder was dissolved in hot distilled water, being stirred, to form an aqueous
solution of 3 different concentrations (3, 5 and 7%). Gac aril (1%) was added into the B-CDs solution
by stirring. The coarse emulsion was then homogenized in a Wisetis® HG-15D homogenizer (Daihan
Scientific, Korea) to form a homogenous emulsion under a certain homogenization pressure. The
formed emulsion was then spray-dried with 3 different inlet drying air temperatures (125, 135 and
145°C) on a Model Eyela SD-1000 Spray Dryer (Tokyo Rikakikai Co., LTD, Japan) equipped with a
spray-drying chamber with dimensions of 150 cm height and 80 cm diameter, a two-way nozzle
atomizer, a cyclone separator, plus a hot air blower and an exhaust blower. The emulsion was fed at
12 - 15 ml/min into the chamber, atomized by the hot air from blower in a co-current flow mode and
the spray-dried microcapsules were collected in the cyclone separator driven by the exhaust blower.

Analysis of encapsulated gac seed powder
Moisture content

The moisture content was determined by drying at the temperature of 105 'C in the hot air
oven until a constant weight was obtained (AOAC International, 2000).

Water activity
A water activity meter (Aw Sprint TH 500, Novasina, Switzerland) was used to measure a,,.
Determination of total carotenoid content

An extraction method described by Tran et al. (2008) was employed, with some modifications.
Approximately 0.1 g of gac sample was weighted and then extracted with 10 ml of a mixture of n-
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hexane: acetone (v/v 3:2) and further extracted four times using a magnetic stirrer until colourless. The
extracts were washed with 25 mL of distilled water twice in a separating funnel. The upper layer was
collected to spectrophotometrically measured at 473 nm. The process was conducted under dim light
and immediately analyzed. Total carotenoid content expressed based on beta carotene equivalents
(mg/g powder).

Encapsulation efficiency (EE)

A method described by Shu et al. (2006) was employed with some modifications. The EE (%)
was determined as the ratio between the initial total carotenoids content before spray drying and the
final content in gac aril powder (mg/ g powder).

Encapsulation Yield (EY)

The EY (%) was calculated as the ratio of the mass of microcapsules obtained at the end of
the process and the mass of initial substances added. (Che Man et al., 1999).

Statistical analysis

The experiments were carried out in duplicate and all results were presented as mean values
with standard deviations. Different mean values were analyzed by analysis of variance (ANOVA) and
Duncan’s multiple range test.

Results and Discussion
Effects of spray drying conditions on the physicochemical properties of gac aril powder

The effects of B-CDs concentration and different inlet drying air temperatures on the
physicochemical properties of gac aril powder are shown in Table 1 and Table 2. The results showed
that an increase in inlet drying air temperature and B-CDs concentration resulted in a significant
decrease in moisture content of the samples (p < 0.05). When B-CDs concentrations increased at the
same temperature, MC of the samples tended to reduce. In general, higher heat transfer rate in
particles occurs when increasing air inlet drying temperature, resulting in faster moisture removal and
greater loss of water in the powder. Similar to Goula et al. (2004), the moisture content in tomato,
orange juice, cactus pear juice or black carrot powder were decreased when air inlet drying
temperature increased. Moreover, an increase of B-CDs can cause higher feed solids and lower
moisture for evaporation.

In addition, the a,, of powders decreased with increase both inlet drying air temperature and B-
CDs concentration (Table 2). These results for a, were in contrast to those obtained Quek et al.
(2007) who suggested that the a,, of spray-dried water melon powders was not significantly changed
by inlet temperatures of between 145-C and 175 -C but higher concentration of wall materials could
result in decrease in the a,, of the powder.
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Table 1 Moisture content (%) of spray-dried gac aril powders

* Factors ~ B-CDs concentration (%)
3 5 7
Inlet drying air 125  3.96+0.25°% 3.73+0.20°" 3.39+0.12°%
temperature
(=C) 135  3.53+0.18%F 3.33+0.07°° 3.35+0.09°"

145  3.17+0.14™C 3.10+0.09™° 3.18+0.22™M°%

Values are mean + SD
The values in the same column followed by different superscripts (A-C) were significantly different (p < 0.05).

nd means no significant difference in the same row

Table 2 Water activity of spray-dried gac aril powders

Factors B-CDs concentration (%)
3 5 7
Inlet drying air 125 0.301#0.005*"  0.282+0.006"*  0.256+0.002°~
temperature (-C)

135  0.268+0.004*°  0.256+0.002°° 0.255+0.007°"

145  0.228+0.006™° 0.221+0.004™°  0.226+0.006™°

Values are mean + SD
The values in the same column followed by different superscripts (A-C) were significantly different (p < 0.05).

nd means no significant diffarence in the same row

Effect of spray drying conditions on the total carotenoid content and encapsulation efficiency

The total carotenoid content (TCC) and encapsulation efficiency (EE) of the gac aril powder as
a result of different spray drying conditions are presented in Figs. 1 and 2, respectively. The TCC in
powder samples were reduced from 128.80 to 87.02 mg/100 g of powder as the 8-CDs concentration
increased (p < 0.05). Additionally, the inlet drying air temperature also affected TCC. A significant
lowering of TCC in samples was observed at 145°C (p < 0.05). Quek et al. (2007) observed a
decrease in lycopene and B-carotene content of spray dried water melon powder occurred when
increasing the inlet drying air temperature due to thermal degradation and oxidation. Moreover, the
sensitivity to thermal treatment and oxidation is due to their conjugated double bond (Britton, 1995).

The EE of samples was also significantly influenced by B-CDs concentration and drying
temperature (p < 0.05). The increase of 8-CDs concentration caused the decrease in EE due to the
instability of emulsion, since the emulsion can be delaminated when the proportion of corefwall
materials is inappropiate (Shu et al., 2006).

The effect of inlet drying air temperature was also pronounced. It is suggested that increasing
temperature leads to the reduction of EE because of the greater degradation of carotenoids at higher
temperature. Shu et al. (2006) stated that high inlet temperature may break the balance between the
rate of water evaporation and film-formation; therefore, structure of microcapsules is broken down,
leading to low EE.
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Fig. 1 Total carotenoid content of spray-dried powders at different drying conditions.
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Fig. 2 Encapsulation efficiency of spray-dried powders at different drying conditions.

Effect of spray drying conditions on the total carotenoid content and encapsulation yield

The effects of B-CDs concentrations and different inlet drying air temperatures on the
encapsulation yield of gac aril powder are shown in Table 3. The average EY obtained was ranged
between 71.06-76.96%. The highest EY was obtained at the lowest B-CDs concentration in all
temperatures. These results are consistent with Blanch et al. (2007), who reported low concentration
provided the best encapsulation yield.

Table 3 Encapsulation yield of spray-dried gac aril powders.

Factors B-CDs concentration (%)
3 5 7
Inlet drying air 125 74.40£1.21°™  7248+0.44°™ 71.0641.12""
temperature
(-C) 135  76.96+2.00"™"  73.55+0.35°"° 72.41+1.21°™

145 74.20+1.72*"°  72.30+0.76°"° 71.15+1.26°™°

Values are mean + SD
The values in the same row followed by different superscripts {a,b) were significantly different (p < 0.05).
ND means no significant difference in the same column

In summary, the appropriate condition for microencapsulation of gac fruit aril was 3% B-CDs
solution and inlet drying air temperature of 135 °C, at which the gac fruit aril powder showed the
highest values of TCC, EE and EY. Microencapsulation of gac aril with B-CDs could be used to make
a higher quality product and would be more attractive to apply in functional food products.
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Abstract

Gac fruit aril, an attractive intense red-colored characteristic, has very high level of
carotenoids, dominantly lycopene and beta carotene, giving its particular antioxidant
properties. However, carotenoids are susceptible to oxidants, light and heat, resulting in
deterioration. Microencapsulation can be an alternative technique to enhance stability of these
particular pigments. Therefore, the aim of this study was to evaluate the effects of gelatin
concentration and inlet drying air temperatures on the encapsulation of gac aril using spray
drying technique. Initially, the red aril was separated from matured gac fruits, 1% gac aril
with three different concentrations of gelatin solution (3.0, 4.5 and 6.0%). Then, the coarse
emulsions were homogenized and filtered. After that, the filtrate was spray-dried with
different inlet drying air temperatures (125, 135 and 145°C). Moisture content (MC), water
activity (ay). total carotenoids content (TCC), encapsulation efficiency (EE), and
encapsulation yield (EY) were significantly affected by gelatin concentration and the inlet
drying air temperatures (p < 0.05). When gelatin concentration and the inlet drying air
temperature increased, lower in MC and a, were found. Further, TCC reduced from 0.334
mg/g to 0.078 mg/g of powder as the gelatin concentration increased from 3.0% to 6.0% (p <
0.05) and significant greater loss of TCC was observed at higher temperature, and the
decreasing of EE was also found from 56.31% to 3.17%. Meanwhile, no significant
difference in EY was obtained between 3.0% and 4.5% gelatin, but at 6% gelatin EY was the
lowest. In addition, EY were insignificantly affected by inlet air drying temperature (p >
0.05). In conclusion, the appropriate condition for microencapsulation of gac aril was 3.0%
gelatin solution and inlet drying air temperature of 125 °C.

Keywords: Gac aril, microencapsulation, gelatin, carotenoids

Introduction

Gac fruits (Momordica cochinchinensis Spreng), a tropical plant, is classified in the
Cucurbitaceae family and has been used as food and traditional medicine in Southeast Asia
for a long time (Iwamoto and others, 1985). As a medicinal plant, gac fruit aril is a very good
source of bioaccessible carotenoids. Several scientific studies confirmed gac fruit aril
contains a high level of lycopene and beta carotene (Tran and others, 2008). Moreover,
researches revealed that the consumption of both carotenoids can reduce the risk of several
diseases, for example, cardiovascular diseases and cancers (Young & Lowe, 2001).
Carotenoid structure contains isoprenoid rings which lead to many physical, chemical and
biological properties (Cao-Hoang & Waché, 2009). In addition, their conjugated double bond
arrangements confer them exhibiting anti-oxidant properties. Thus, they can play an
important role as particular food colorants and provitamin A, as well as anti-carcinogens,
anti-mutagens and anti-oxidants. However, carotenoids can be dramatically degraded due to
light, heat, moisture and oxidation. Therefore, optimization of processing conditions might be
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considered to prevent carotenoids from oxidation and isomerization, and also to improve their
solubility to achieve favorable bioavailability.

Encapsulation has been widely used to entrap functional compounds in a carrier
protecting them against deterioration. The mechanism is to form a membrane (wall material
or carrier) enclosing droplets (core material). So, the sort of carrier and encapsulation
techniques can protect the particles from environments. In food industry, microencapsulation
such as solvent dispersion, co-crystallization, interfacial polymerization and spray drying is
one of the most effective techniques to protect food ingredients. However, spray-drying, is
the most common method for food industry because of its shorter process and lower cost in
comparison with other encapsulation methods. Encapsulation of carotenoids by spray-drying
has been reported: paprika oleoresin in 15-dextrose equivalent (DE) maltodextrin, arabic
gum, and sodium caseinate (Beatus and others, 1985); carrot carotenes in maltodextrin of
different DE (Wagner and others, 1995); and pure beta carotene in 25DE maltodextrin
(Dersobry and others, 1997).

Many carriers such as modified starch, Arabic gum and maltodextrin can be applied,
nevertheless, each carrier has advantages and disadvantages for its cost and encapsulation
efficiency. Gelatin can be a good choice as carrier because of availability and low cost as
well as good properties of emulsification, water solubility, edibility and biodegradation.
(Bruschi and others, 2003). The mixture of gelatin and sucrose has been used for beta-
carotene microencapsulation (Zhu and others, 1998). Moreover, Chen and others (2007)
reported the encapsulation of lycopene extract from tomato pulp waste using of 4.5% gelatin,
10% ¥-PGA, and 4.8% lycopene extract. In addition, Bo and others (2006) studied the
microencapsulation of lycopene by spray-drying using gelatin and sucrose as carrier, the ratio
of gelatin/sucrose of 3/7 and the ratio of core/wall material of 1/4 gave the best encapsulation
yield (EY) and encapsulation efficiency (EE) at 91.2% and 81.6%, respectively. Therefore,
the objective of this study is to develop a spray-drying method for production of gac fruit aril
microcapsules using gelatin as carrier and to characterize the microcapsules in terms of
physicochemical properties.

Materials and Methods
Sample preparation

Mature fresh gac fruits of similar sizes were purchased from Kanchanaburi province.
Only the red aril was scooped out from gac fruit, then, sifted the gac fruit aril through the
sieve with 1 mm size, packed in plastic bottles and kept at -20° C for further studies.

Wall and core materials

Wall material used as edible gelatin (Bloom 150, Cartino Gelatin, Thailand). Core
material used here was 1% gac fruit aril separated from fresh gac fruits.

Preparation of emulsions and spray drying

The preparation of emulsions used for spray-drying were similar to the report
described by Zhu and others, (1998). Gelatin powder was dissolved in hot distilled water,
being stirred, to form an aqueous solution of 3 different concentrations (3.0, 4.5 and 6.0%).
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Gac aril (1%) was added into the gelatin solution by stirring to form a coarse emulsion. The
coarse emulsion was then homogenized in a Wisetis® HG-15D homogenizer (Daihan
Scientific, Korea) to form a homogenous emulsion under a certain homogenization pressure.
The formed emulsion was then spray-dried with 3 different inlet drying air temperatures (125,
135 and 145°C) on a Model Eyela SD-1000 Spray Dryer (Tokyo Rikakikai Co., LTD, Japan)
equipped with a spray-drying chamber with dimensions of 150 cm height and 80 cm
diameter, a two-way nozzle atomizer, a cyclone separator, plus a hot air blower and an
exhaust blower. The emulsion was fed at 12 - 15 ml/min into the chamber, atomized by the
hot air from blower in a co-current flow mode and the spray-dried microcapsules were
collected in the cyclone separator driven by the exhaust blower.

Analysis of encapsulated gac seed powder
Moisture content

The moisture contents were determined by drying at the temperature of 105 <C in the
hot air oven until a constant weight was obtained.

Water activity

A water activity meter (Aw Sprint TH 500, Novasina, Switzerland) was used to
measure a,,.

Determination of total carotenoid content

An extraction method described by Tran and others (2008) was employed, with some
modifications, to extract the carotenoid content from the gac samples. Approximately 0.1 g of
gac sample was weighted and then extracted with 10 mL of a mixture of n-hexane: acetone
(v/v 3:2) and further extracted four times (each time with 5 mL of the solvent) using a
magnetic stirrer until colourless. The extracts were combined and washed each time with 25
mL of distilled water twice to remove acetone in a separating funnel. The upper layer was
collected to measure total carotenoid content. The process was conducted under dim light and
immediately analyzed.

Total carotenoid content of the gac fruit aril powders was spectrophotometrically
measured at 473 nm and expressed based on beta carotene equivalents (mg/g powder).

Encapsulation efficiency (EE)

A method described by Shu and others (2006) was employed with some
modifications, to calculate encapsulation efficiency. The EE (%) was determined as the ratio
between the initial total carotenoids content before spray drying and the final content in gac
aril powder (mg/ g powder).

Encapsulation Yield (EY)

The EY (%) was calculated as the ratio of the mass of microcapsules obtained at the
end of the process and the mass of initial substances added. (Che Man and others, 1999).
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Statistical analysis

The experiments were carried out in duplicate and all results were presented as mean
values with standard deviations. Different mean values were analyzed by analysis of variance
(ANOVA) and Duncan’s multiple range test.

Results and Discussion
Effects of spray drying conditions on the physicochemical properties of gac aril powder

The effects of gelatin concentrations and different inlet drying air temperatures on the
physicochemical properties of gac aril powder are shown in Table 1 and Table 2. The results
showed increasing in inlet drying air temperature and gelatin concentration resulted in a
significant decreasing moisture content of the samples (p < 0.05). The moisture content of
samples significantly reduced while increasing inlet drying air temperatures from 125 to 145
°C, tended to reduce the final moisture content (p < (.05). When gelatin concentrations
increased from 3.0% to 6.0% at the same temperature, no significant difference in moisture
content was observed.

In general, higher heat transfer rate in particles occurs when increasing air inlet drying
temperature causes faster moisture removal, resulted in greater loss of water of the powder.
Similar to Goula and others (2004), Chegini and others (2005), Rodrigiiez-Hernandez and
others (2005), and Ersus and Yurdagel (2007), the results demonstrated that the moisture
content in tomato powder, orange juice powder, cactus pear juice powder and black carrot
powder, respectively, decreased when air inlet drying temperature increased.

In addition, the a, of powders decreased with increasing both inlet drying air
temperature and gelatin concentration (Table 2). These results for a,, were opposed to Quek
and others (2007) who suggested that the a, of spray-dried water melon powders was not
significantly changed by inlet temperatures of between 145°C and 175 -C but higher
concentration of wall materials could result in decrease in the a,, of the powders.

Table 1 Moisture content (%) of spray-dried gac aril powders

Factors Gelatin concentration (%)
3.0 45 6.0
Inlet drying air | 125™° | 8.57+0.32° 7.61+0.28° 7.53+0.14*
temperature ND . . "
(«C) 135 6.34+0.46 6.97+0.13 6.98+0.12

145 | 6.30+0.05° 6.67+0.12° 6.51+0.17°

Values are mean + SD

The values in the same column followed by different superscripts (a,b) were significantly different (p <
0.05).

ND means no significant difference in the same row
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‘Table 2 Water activity of spray-dried gac aril powders

Factors Gelatin concentration (%)
3.0 45 6.0
Inlet drying air | 125" [ 0.454+0.002° | 0.426+0.002° | 0.357+0.004°
temperature o : 5 . . —5
(=C) 135 0.289+0.005° | 0.291+0.004° | 0.305+0.005
145" | 0.254+0.003° | 0.285+0.003% | 0.272+0.005°

Values are mean + SD

The values in the same column followed by different superscripts (a,b) were significantly different
(p < 0.05).

ND means no significant difference in the same row

Effect of spray drying conditions on the total carotenoid content and encapsulation
efficiency

The total carotenoid content (TCC) and encapsulation efficiency (EE) of the gac aril
powder as a result of different spray drying conditions are presented in Figs. 1 and 2,
respectively. The TCC in powder samples reduced from 0.334 to 0.276 mg/g of powder as
the gelatin concentration increased from 3.0 to 6.0% (p < 0.05). Additionally, the inlet
drying air temperature also affected TCC. A significant loss of TCC in samples was
observed as temperature increased from 125°C to 145:C (p < 0.05). Quek and others (2007)
observed a decrease in lycopene and beta carotene content of spray dried water melon
powder occurred when increasing the inlet drying air temperature due to thermal
degradation and oxidation. Moreover, the sensitivity to thermal treatment and oxidation is
due to their conjugated double bond (Britton, 1995).

The EE of samples was also significantly influenced by gelatin concentration and
drying temperature (p < 0.05). The increase of gelatin concentration can cause the decrease
in EE due to the instability of emulsion, since the emulsion can be delaminated when the
proportion of core/wall materials is inappropiate (Shu and others, 2006).

The effect of inlet drying air temperature also pronounced. A similar pattern to the
TCC loss from the increase of inlet drying air temperatures was related to EE. It is
suggested that increasing temperature leads to the reduction of EE because of the greater
degradation of carotenoids at higher temperature. Shu and others (2006) stated that high
inlet temperature may break the balance between the rate of water evaporation and film-
formation; therefore, structure of microcapsules is broken down, causing low EE.
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Fig. 1 Total carotenoid content of spray-dried powders at different drying conditions.
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Fig. 2 Encapsulation efficiency of spray-dried powders at different drying conditions.

Effect of spray drying conditions on the total carotenoid content and encapsulation
yield

The effects of gelatin concentrations and different inlet drying air temperatures on the
encapsulation yield of gac aril powder are shown in Table 3. The average EY obtained in this
study was 73.02+12.68 %. According to Chen and Tang (1998), 67% of yield for carrot pulp
encapsulation using spray-dryer (Niro Atomizer Co., Denmark) The higher yield obtained in
the present study could be caused by either lower outlet drying air temperature (60-70°C) or
the differences of equipment design.

Table 3 Encapsulation yield of spray-dried gac aril powders.

Factors Gelatin concentration (%)
3.0 4.5 6.0
Inletdrying air | 125"° | 90.57+2.63* | 91.37+0.50° | 78.81+3.41°
temperature - - 5 .
(-C) 135 64.31+2.24 79.58+1.11° | 66.30+2.69
145"° | 57.8040.27° | 69.70+2.42° | 58.81+2.08°

Values are mean + SD

The values in the same column followed by different superscripts (a,b) were significantly different <
0.05).

ND means no significant difference in the same row
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In summary, the appropriate condition for microencapsulation of gac fruit aril was
3.0% gelatin solution and inlet drying air temperature of 125 °C, at which the gac fruit aril
powder showed the highest values of TCC, EE and EY.
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Abstract

Gac fruit is considered as a fruit with high nutraceuticals, especially in gac aril.

The intense-red aril contains high concentration of -carotene and lycopene. In this study,
the microencapsulated gac aril powder with B-cyclodextrins was prepared by spray-
drying technique. The storage stability was evaluated in two various conditions (vacuum
and Nop-flushing packaging) and stored at three different temperatures (25, 35 and 45-C)
for 7 weeks. The sample was withdrawn every week for chemical analysis of total
carotenoids content (TCC) and three different antioxidant assays; DPPH, B-carotene
bleaching activity (BCB) and TBARs assay. The results indicated that the TCC value and
all three antioxidant activities were found to decrease over the storage period in both 2
packing conditions. In addition, TCC in N,-flushing packaging was slightly lower than
that in vacuum packaging. All antioxidant activities tended to decrease as a result of
rising storage temperature. In conclusion, the most stable condition for TCC retention and
antioxidant activities was obtained in the treatment with vacuum-packed and stored at the
lowest temperature.

Keywords: gac aril powder, carotenoids, stability, ﬂ—cyclodextrins,

Introduction

Gac fruits (Momordica cochinchinensis Spreng) are known and highly valued in
southeast Asia as functional food and traditional medicine. Gac fruit aril is a very good
source of antioxidants. Several scientific reports confirmed that gac fruit aril contains
extremely high carotenoids especially, lycopene and B-carotene (Trans and others, 2008;
Kha and others, 2010). Among carotenoids, both carotenoids have been considerable
attention in recent years because of its possible role in prevention of chronic diseases
such as prostate cancer (Rao and others, 1999). Epidemiological studies have also shown
that the consumption of carotenoid-rich foods is related to a low risk of cancer
(Giovannucci, 1999; Britton, 1995).

The structure of carotenoids makes these compounds susceptible to degradation
from various environments. Microencapsulation by spray drying is a suitable technique to
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enhance the storage stability of carotenoids. Indeed, B-cyclodextrin (B-CDs) is an
effective wall material because it provides protection on carotenoids (Basu and others,
2001). B-carotcne can be completely easily degraded within 30 hours under oxygen
(Boon and others, 2010). Today, several preservation techniques are available to extend
the shelf storage of carotenoid-rich products. Packing without oxygen, such as vacuum
and N,-flushing packaging, is the most common method for extending the shelf-life
storage of carotenoid-rich products. On the other hand, storage temperature is another
important factor on storage stability. Therefore, the purpose of this study was to
investigate the effects of packaging and storage temperature on total carotenoid content
and antioxidant activities of spray-dried gac aril powder encapsulated with B-CDs.

Materials and Methods
Sample preparation

Mature fresh gac fruits were purchased from Kanchanaburi province. The intense
red aril was separated from gac fruit and then filtered. The preparation of sample was
similar to Zhu and others, (1998). Mixture of 3% B-CDs (Wagger W7, Germany) and
15% gac aril concentration was dissolved in hot distilled water and immediately
homogenized at 11,000 rpm for 15 minutes in a Wisetis® HG-15D homogenizer (Daihan
Scientific, Korea). Then, the sample was spray-dried with a Model Eyela SD-1000 Spray
Dryer (Tokyo Rikakikai Co., LTD, Japan) at the inlet drying air temperature of 135°C.
Finally, the gac aril powder was collected for further analysis.

Storage stability

The samples were packed in aluminum foil bags (3 mm thickness) with two
various packaging conditions; N»-flushing and vacuum conditions. The samples were
kept at three storage temperatures of 25, 35 and 45°C. Then, samples were withdrawn
every week for measurement of TCC and antioxidant properties.

Analysis of gac aril powder
Total carotenoid content

An extraction method described by Tran and others (2008) was employed to
extract the carotenoid content from the gac samples using a mixture of n-hexane: acetone
(v/v. 3:2). Total carotenoid content of the gac fruit aril powders was
spectrophotometrically measured at 473 nm and expressed based on B-carotene
equivalents (mg/g powder).
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Free radical scavenging capacity by DPPH assay

Approximately 10 mg of the sample was dissolved in 0.5 ml of water. Ten ml of
acetone were then added. DPPH assay was determined using Lee and others (2003)
method. The extract was added to 0.004% of DPPH in acetone. After 30 minutes the
absorbance of DPPH (Apnn) and the extract (Aexirac) Was measured at 517 nm. The
percent inhibition was calculated as:

DPPH inhibition (%) = [1 — Aextract /Ablank] X 100
p-Carotene bleaching activity

The ability to delay the bleaching of B-carotene in a water/linoleic acid emulsion
was performed according to Nsimba and others (2008). The B-carotene emulsion (5.0
ml) was transferred to a test tube containing 0.2 ml extract. The mixture was shaken and
evaporated to dryness in a water bath at 50°C for 2 hours. Its absorbance was measured at
470 nm. The percent inhibition was calculated as:

BCB inhibition (%) = [1 - (Ag— A/ (Ao’ - A%)] x 100

Where the absorbance values were measured at initial time of the incubation for
sample (Ag) and control (Ag ), respectively, and A, and A are the absorbance values of
sample and control at 2 hours.

Thiobarbituric acid reactive species (TBARS) assay

A thiobarbituric acid-reactive species (TBARS) assay (Ohkowa and others, 1979)
was used to measure the formation of lipid peroxide. 1.5 ml of 20% acetic acid (pH
adjusted to 3.5 with NaOH) and 1.5 ml of 0.8% (w/v) TBA in 1.1% sodium dodecyl
sulphate and 0.05 ml of 20% TCA were added. The mixture was vortexed and heated at
95eC for 60 min. The absorbance was measured at 532 nm. Inhibition of lipid
peroxidation (%) by the extract was calculated according to the formula:

Inhibition of lipid peroxidation (%) = [1-E/C x 100]

Where C is the absorbance value of the fully oxidized control and E is (Abss32 wit
TBA~ ADS532 without TBA)-

Kinetic analysis

Depending on the TCC and antioxidant activities, the % reduction and the storage
time were plotted in order to calculate k (constant rate of reaction) values of each storage
temperature. After that, the k values were used to compute Qo (Temperature quotient)
value as following formula:

Qi0= ker+10y kt
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Statistical analysis

The experiments were carried out in duplicate and all results were presented as
mean values with standard deviations. Different mean values were analyzed by analysis
of variance (ANOVA) and Duncan’s multiple range test.

Results and Discussion

Total carotenoids content

Figure 1 shows the degradation of carotenoids content in the gac aril powder
during storage. Temperature affected on carotenoids degradation following a first order
kinetics in all samples (R” ranged between 0.9164 - 0.9685). The k values ranged from
0.0235 to 0.0342 for vacuum packaging and 0.0269 to 0.0362 mg TCC/week for N,-
flushing packaging. The result indicated that TCC degradation in N,-flushing packaging
was higher than in vacuum packaging. The reduction of TCC at high storage temperature
might correspond to thermal degradation and oxidation of the surface carotenoids and

those in contact with a pore or a bubble in the matrix as was found by Desobry and others
(1999).

=

10 - storage -10
time
-20 | {weeks) 200 -
%-30 %-30 ;
E -40 25:C E 40 }
g ¢
§ 50 §-so }
35:C
-60 £0
45:C
Ky s — e . B 700
80 S A .~ 80 - R
a) b)

Figure 1. TCC reduction in gac aril powder during storage: vacuum (a) and N,-flushing (b)

Antioxidant activities

Antioxidant activities were affected by storage temperature and packaging. In
consistent with TCC, all antioxidant activities reduced with increasing storage
temperatures following the first order kinetics. The results demonstrated that carotenoids
were the major antioxidant components in gac aril powder. The k and Qo values were
also calculated (Table 1). According to these values, the reduction rate of DPPH became
greater with higher storage temperatures compared to the other two antioxidant activities.

storage
time
{weeks)



132
133
134
135
136

137

138
139
140

141

142
143
144

145
146
147

148
149

150
151
152

153
154

155
156
157

B PROPAK {
& E‘Aa ‘A zoTa Fsﬁ‘r @ F@

The 16“' FOOD INNOVATION ASTIA CONFERENCE 2014
12 -13 June 2014

BITEC Bangna, Bangkok, Thailand
However, the same phenomena was found in BCB and TBARs. In contrast to packaging,
there was insignificantly affected the o values but BCB was likely to be the most
sensitive method among three antioxidant activities.

Table 1. k and Qy of all antioxidant activities during storage.

Packaging | Storage DPPH BCB TBARs

temperature k Qio k Qio k Q1o
69

Vacuum 25 0.0043 1.00 0.0049 1.00 0.0044 1.00
35 0.0053 1.23 0.0072 1.47 0.0061 1.04
45 0.0064 1.21 0.0085 1.18 0.0066 1.43
N»- 25 0.0051 1.00 0.0057 1.00 0.0046 1.00
flushing 35 0.0057 1.17 0.0084 1.47 0.0062 1.34
45 0.0073 1.28 0.0096 1.14 0.0077 1.24

In summary, the maximal stability was observed at 25°C in vacuum-packed
condition with the lowest TCC degradation and the lowest reduction rate in all
antioxidant activities.
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